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FOREWORD

As concern for the quality of the atmosphere has grown, so also has the response to that
concern. Federal, State, and local programs are assuming increasingly greater respon-
sibility in the development and practice of the many disciplines that contribute to under-
standing and resolution of the air pollution problem.

Rapid program expansion imposes even greater demands for the dissemination of knowl-
edge in the field of air pollution control. Much work has been accomplished by compe-
tent scientists and engineers, However, in many instances, the experience gained has not
been transcribed and organized into a form readily accessible to those most in need of
information,

We are pleased, therefore, to have the opportunity to make available this second edition
of the Air Pollution Engineering Manual. Distilling as it does the squivalent of hundreds
of man-years of painstaking engineering innovation in the air pollution control field under
one cover, it has become a valuable—if not indispensable—tool.

The manual is an ountgrowth of the practical knowledge gained by the technical personnel
of the Los Angeles County Air Pollution Control District, long recognized as outstanding
in the field, District personnel have worked closely with industry to develop emission
controls where none formerly existed,

It will be mnoted that there are categories of industrial emissions that are not discussed.
The reason is that engineering control applications are described for only those industries
lecated in Los Angeles County.

Realizing the value of this manual to the field of air pollution, Mr. Robert L. Chass, Air
Pollution Control Officer of Lios Angeles County, has authorized the up-dating of the manual
into this second edition. The editorial and technical content were developed exclusively
by the District. The staff, in turn, was supervised during the development of the manual
by Mr. Robert G. Lunche, Chief Deputy Air Pollution Control Officer, and Mr. Eric
Lemke, Director of Engineering. Mr. John A, Danielson, Senior Air Pollution Engineer,
has again served as editor.

The Environmental Protection Agency, recognizing the need for such a manual, is pleased
to serve as publisher.



PREFACE

The first edition of the Air Pollution Engineering Manual was acknowledged by its readers
to be an outstanding and practical manual on the control of air pollution. It has been in
wide demand throughout the United States and in many other parts of the world. Recog-
nizing the need for an up-dated version, Editor John A, Danielson and the engineers of
the Los Angeles County Air Pollution Control District have prepared this second edition,

The first edition was written in the early sixties, Since that time, many changes have
occurred inthe field of air pollution control, and this second edition reflects these changes.
The control of photochemically reactive organic solvent emissions is but one example,
and a new chapter is devoted to this subject, Reducing the formation of oxides of nitrogen
in combustion processes by improved burner and furnace designs is another new innova-
tion, Improved versions of afterburner control devices are included. This second edition
also contains a comprehensive index to aid the reader in locating quickly the subject of
his choice.

The manual deals with the control of air pollution at specific sources. This approach
emphasizes the practical engineering problems of design and operation associated with
the many sources of air pollution., These sources include metallurgical, mechanical,
incineration, combustion, petroleum, chemical, and organic-solvent-emitting processes,

The manual consists of 12 chapters, each by different authors, and 5 appendices. The
first five chapters treat the history of air pollution in Los Angeles County, the types of
contaminants, and the design of air pollution control devices. The remaining chapters
discuss the control of air pollution from specific sources, A reader interested in control=
ling air pollutionfrom a specific source can gainthe information needed by referring only
to the chapter of the manual dealing with that source. If he then desires more general
information about an air pollution control device, he can refer to other chapters, Itis
suggested that Chapter 1 be read since it cites Los Angeles County prohibitory rules that
regulated the degree of control efficiency required when the manual was written in 1971.

It is recognized that air peollution problems of one area can be quite different from those
of another area. The air pollution problems presented in this manual originate in indus-
trial and commercial sources in the Los Angeles area. Consequently, some processes,
e.g., the burning of coal in combustion equipment, are not mentioned. Furthermore, the
degree of air pollution control strived for in this manual corresponds to the degree of
control demanded by air pollution statutes of the Lios Angeles County Air Pollution Control
District. Many other areas require less stringent control and permit less efficient
control devices,

Sole responsibility for the information is borne by the Disirict, which presents this second
edition of the manual for the advancement of national understanding of the control of air

pollution from stationary sources.

Robert L., Chass
Air Pollution Control Officer
County of Los Angeles
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CHAPTER 6

METALLURGICAL EQUIPMENT

Efficient control of air contaminants from metal-
lurgical furnaces has been achieved only inre-
centyears. Since mostofthese furnacesdischarge
high-temperature elfluents containing submicron-
size dusts and fumes, these eifluents must some-
times be cooled and often further conditioned be-
fore ducting toa controldevice. The control device
must be one capable of high-efficiency collection
of submicron particles.

This chapter discusses these control devices and

the air pollution problems encountered in steel,
iron, brass, aluminum, gzinc, lead, and metal

separation processes, Processes related to met-
allurgical operations such as manufacture of sand
cores, foundry sand-handling equipment, and heat
treating systems will be discussed near the end of
this chapter.

For those not acquainted with the many types of
melting furnaces, the first part of this chapter
describes briefly the more common furnaces and
their principles of operation. The air pollution
aspects of these furnaces are not discussed im-
mediately since these problems are usually a func-
tion of the specific melting process and not of the
type of furnace used.

FURNACE TYPES
REVERBERATORY FURNACE

Areverberatoryfurnace operates by radiating heat
from ilts burner flame, roof, and walls onto the
material heated. This type of furnace was devel-
oped particularly for melting solids and for reflin-
ing and heating the resulting liquids. It is gen-

erally one of the least expensive methods for melt-
ing since the flame and products of combustion

come in direct contact with the solid and molten
metal. The reverberatory furnace usually con-
sists ofa shallow, generally rectangular, refrac-
tory hearth for holding the metal charge. The fur-
naceis enclosed by vertical side walls and covered
witha low, arched, refractory-lined roof, Com-
bustion of fuel occurs directly above the molten
bath; the walls and roof receive radiant heat from
the hot combustion products and, inturn, reradiate
this heat to the surface of the bath. Transfer of
heat is accomplished almost entirely by radiation.

Reverberatoryfurnaces are available inmany types
and designs, depending upon specific job require-

ments. Probablythe largest of the reverberatory
furnaces is the open-hearth furnace, widely used
in the manulacture of steel. This furnace oper-
ates in conjunction with two heat regenerators con-
sisting of brick checkerwork; these remove the
heatfrom the effluentand transfer it to the incom-
ing air (Figure 159). Thetransferis accomplished
by a system of butterfly valves, which allows the
furnace gases to pass through one set of checker-
work, giving up heat, while the incoming combus-
tion air passes through the second set of checker-
work, taking up heat, Periodically the valves are
reversed, which allows incoming combustion air
to preheat in the first set of checkerwork while
the furnace gases are heating the second regen-
erator, Thecharge is introduced through refrac-
tory-lined doors in the front wall; finished steel
and slag are removed through a taphole in the rear
wall, Heatis provided by passing a luminous flame
with excess air over the charged material. Details
of operation in the production of steel with the open-
hearth furnace are described later in this chapter.

AR PORT.

CHARGING DODRS
GAS PORT

REGENERAT | VE |
CHANBERS | ¥4

|| REGENERAT | VE
CHAMBERS

Frgure 1539. An open-hearth furnace (Beseman, 1947).

Another type of reverberatory furnace is the cy-
lindrical furnace, commonlyused in the nonferrous
industries for melting and holding small heats of
aluminum, brass, and various alloys, Cylindrical
reverberatoryfurnaces are relatively small, usu-
ally rated at 500 pounds of aluminum. These fur-
naces (Figure 160) are fired through two tangential
nozzles that promote excellent combustion charac-
teristics and provide very rapid melting. The fur-
nace may be charged through a top opening or through
the end door. The end door also serves as an ac-
cess tothe metal bath for adding alloying materials
or drossing,

Reverberatory furnace designs often use rotary
tilting mechanisms. A tilting furnace promotes
ease of metal distribution for all types of casting
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Figure 160.

Heating Equipment Co., Watertown, Wisc.),

operations---permanent mold, die casting, and sand
operations. Charging is accomplished by means
of a hopper that acts as a stack for the exhaust
gases; the metal charge lodges in the lower part of
the hopper ‘where the melting takes place. The
furnace is end fired, and tilting of the furnace is
accomplished by means of an air or hydraulic ram.

Another type of tilting reverberatory furnace (Fig-
ure 161) normally finds application in nonferrous
metallurgical operations where large heats are re-
quired. In this installation, the furnace is gas
fired tangentially with three burners,

Many other variations and combinations af furnaces
using the reverberatory principle are manufactured
by many firms throughout the United States and are
available commercially as prefabricated units.

CUPOLA FURNACE

For many years the cupola has been a standard
melting furnace for producing grayiron. It is also
used to melt or reduce copper, brasses, bronzes,

Gas-fired, cylindrical reverberatory furnace (Bulletin No. 6011, Hevi-Duty

and lead. In addition to its high efficiency, the
cupola is simple in its construction and operation.
Unless carefully considered, however, ils oper-
ation may lead to difficulties because of variations

in quantity and quality of raw metal, fuel, and air,

The basic equipmentfora gray iron-melting oper-
ation consists of the cupola (Figure 162), which is
egsentiallya refractory-lined cylinder open at the
top and equipped with air ports (known as tuyeres)
atthe bottom. Airis supplied [rom a forced-draft
blower., Alternate charges of metal, coke, and
limestone are placed ontop of the burning coke bed
to fill the cupola. The heat generated melts the
metal, which is drawn off through a tap hole. The
two principal dimensions of the cupola are its di-
ameter and operating height (charging door to tu-
yeres). Thediameter determines the melting ca-
pacity, and the height affects the thermal efficiency.

Combustion Air

The control ofair atthe tuyeres influences produc-
tion rates, costs, metal losses, coke ratios, stack
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Figure 161. Tangentially fired tilting reverberatory furnace (Bulletin No. 6011, Hevi-
Duty Heating Equipment Co., Watertown, Wisc.),

temperature, physical properties of the metal, and
volume of stack emissions. Air is required, not
only to furnish oxygen for the combustion of coke,
which supplies the heat required for melting the
iron, butalso to aid in the potential combustion of
the carbon, silicon, and manganese in the metal,
The latter function greatly influences the resultant
chemical and physical properties of the metal when
it is poured into the mold (Molcohy, 1950).

Combustion air may be provided by a positive-dis-
placement-type blower or a centrifugal blower,
The quantity of air theoretically required is deter-
mined primarily by the size of the cupola, the
melting rate, the metal-coke ratio, and the metal
temperature. The actual air supplied may be in-
creased as much as 15 percent to compensate for
leakage. Air pressurevaries from 8 to 40 ounces

per square inch, depending upon design factors
suchas ductworklayout, tuyere geometry, and the
height of fthe bed through which the air must be
forced. Automatic controls are frequently in-
stalled to maintain a constant-weight flow of air.

Methods of Charging

Various meethods of charging materials into the
cupola are used. The smaller cupolas are fre-
quently charged by hand while larger units may be
charged with skip hoists with the various types of
cars, buckets, cranes, or trolleys. Charging and
melting is a continuous operation.

Preheating Combustion Air

Inorder to increase the efficiency of a cupola, three
methods are available for preheating combustion



236 METALLURGICAL EQUIPMENT

SLAG HOLE m
e ERCR AND SPOUT <
R
[T
Fap g
gl
)T :
LiniNe —1 L R ol SECTION A-A
};E. ST = 2 TAPPING WOLE
e o S AND SPOUT
SHELL —= I7 z =
Rt =
Ff ! & CHARBING Lo -
B g = 00DR
: ¥ 3 «
COKE AR 5 CHARGING
““"“BE:SE ool S = fiook AR e
Tmmatg 1T o = - =
METAL i ‘é S B i
CHARGES ™ FISWRGLANE i WiNp NI = o 2 BLAST
LININE—— Pabrs BX N |SE S PIPE
SHELF by mé“é““ .r—" ..1
COXKE | ]
BED proti el Bz 82
$Lak giE =1 | [ uvene
SPOUT RN it
; L HOLES
: TAPPING SPOUT
TN ORDPPED- /|l BOTTON PLATE
PASITION == L i q\rsewo saTron

&0 TroNDATION -+
RS P

Figure 162. A cuncla furnace (American Foundrymen's
Association, 1949).

air., In the Moore system, a heat exchanger is
usedtotransfer some of the waste heat of the stack
gases tothe incoming combustionair. The Whiting
system uses a separate external heater for the
combustion air. The Griffin system passes the
stack gases througha chamber where air is intro-
duced and the CO is burned to COp. The gases
then pass through a heat exchanger to preheat the
combustion air.

ELECTRIC FURNACE

Major advantages of the electric furnace over fuel-
fired furnaces are furnace atmosphere contrel and
high-temperature operation, Temperatures as

highas 6, 000°F are possible for special processes.

The electric furnace has three functions (Porter
1959):

1. Synthesis of compounds not available in the
natural state by fusing selected raw materials,

Z. purification of ores,

3. alteration of crystalline structure of ores hav-
ing a satisfactory chemical purity but an un-
desirable crystal structure.

There are four types of electric furnace: Direct-
arc, indirect-arc, resistance, andinduction, Each
of these types will be discussed briefly,

Direct-Arc Furnace

In the direct-arc Mirnace, many and varied ar-
rangements areused to heat the metal charge, but
radiation between arc and the metal bath is the
principal method. Here, the heat is generated by
radiation from the arc as well as from the resis-
tance heat effect within the bath, as shown in Fig-
ure 163, Graphite and carbon electrodes are usu-
allyused and are spaced just below the surface of
the slag cover. The current passes from one elec-
trode through the slag, the metal charge, the slag,
and back to the other electrode. In some arrange-
ments, the current is carried from the metal
charge tothe hearth. Theslag serves a protective
function by shielding the metal charge from vapor-
ized carbon and the extremely high temperatures
at the arc.

Indirect-Arc Furnace

In the indirect-arc furnace, the metal charge is
placed below the electrodes, and the arc is formed

between the electrodes and above the charge (Fig-

ure 163). Indirect-arc furnaces are used mainly

in the steel industry. One of the common smaller

furnaces is the indirect-arc rocking furnace, in

whichan automatic rocking action of the furnace is
employed to ensure a homogeneous melt. This is

done by mounting the refractory-lined steel shell

on cog bearings so that the furnace may be rocked

througha 200° range. Radiated heat from the in-

directarc, and conduction from the preheated re-

{ractory lining initially melt small scrap, form-

ing a pool of molten metal at the boftom of the fur-

nace. Thenthe rockingaction is initiated, and the

molten metal washes against the refractory, pick-

ing up additional heat, which is transferred by con-

vection and radiation to the larger pieces of metal.
During the heat, the rocking action is advanced

gradually to avoida sudden tumbling of cold metal,

which could fracture the graphite electrodes.

/ELEBTRDDES

DIRECT INDIRECT

CHARGE
Figure 163. Principles of aperation
of two types of arc furnaces (Porter,
1959).
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Induction Furnoce

The induction furnace consists of a crucible with-
in a water-cooled copper coil (Figure 164). An
alternating current in the coil around the crucible
induces eddy currents in the metal charge and thus
develops heat within the mass of the charge. The
furnace is used for the production of both ferrous
and nonferrous metals and alloys, generally from
scrapmetal, Itprovides good furnace atmosphere
controland can be used for large-volume produc-
tion of high-purity materials,

CHARGE
\

COILS
/ .
— SUSCEPTOR \

EIH.ltFl[iEJ

Figure 164, Principles of oper-
ation of an induction furnace
(Porter, 1959),

ELECTRODE

Resistance Furnoce

Three varieties of resistance furnaces are illus-
trated in Figure 165. The resistance furnace is
essentiallya refractory-lined chamber with elec-
trodes, movable or fixed, buried in the charge.
Itis characterized by its sirnplicity of design and
operation. The charge itself acts as an electrical
resistance that generates heat.

The registance furnace is used in the production
of lerroalloys (ferrochrome, ferrosilicon, and
others), cyanamide, silicon carbide, and graphite,
and in hardening and tempering tools and machine
parts.

CRUCIBLE FURNACE

Crucible furnaces, used to melt metals having
melting points below Z,500°F are usually con-
structed with a shell of welded steel lined with re-
fractory materials, Their covers are constructed
of materials similar to the inner shell lining and
have a small hole over the crucible for charging
metal and exhausting the products of combustion,
The crucible rests on a pedestal in the center of
the furnace and is commonly constructed of a re-
[ractorymaterial such as clay-graphite mixtures
or silicon carbide. Crucibles are made in several
shapes and sizes for melting from 20 to 2, 000
pounds, rated in red brass,

Crucible furnaces are classified as tilting, pit, or

stationary furnaces. All types are provided with
one or more gas or oil burners mounted near the

/ ELECTRODE

/ s, TP X

CHARGE /

=
\CHIRGE /

Figure 165. Principles of operation of three types of resistance

furnace (Porter, 1959).
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bottom of the unit. Flames ar=s directed tangen-
tially around the inside of the furnace. The cruci-
ble is heated both by radiation and by contact with
the hot gases.

Tilting Furnace

The tilting crucible furnace (Figurs 166) is pro-
vided with devices for affixing the crucible to the
furnace so that the furnace may be tilted with the
crucible when the metal is poured. The entire
furnace is mounted on trunnions, around which Lhe
furnace may be tilted, The tilting mechanism can

be operated manually, hydraulically, or electrically.

Figure 166. Tilting crucible furnace (Lind-
berg Engineering Co., Downey, Calif.).

Pit Crucible

The pit crucible furnace derives its name from
its location. The top of the furnace is near floor
level, which facilitates charging of the metal to
the furnace and removing of the crucible for pour-
ing. Pouring is usually accomplished by using
the same crucibleas a ladle. The furnace cover
is provided with rollers or swinging mechanisms
for easy removal.

Stationary Crucible
The stationary crucible furnace is almast identical

to a pit furnace except that it is not sunk in a pit,
These furiaces are commonlyused as holding fur-

naces, and the metal is poured by dipping with hand
ladles. Pouring mayalso be accomplished by re-
moving the crucible and using it as a ladle,

POT FURNACE

Pot furnaces areused to melt metals with melting
temperatures below 1, 400°F, Thesefurnaces may
be cylindrical or rectangular and consist of an
outer shell lined with refractory material, a com-
bustion chamber, and a pot. The pots are made
of pressed steel, cast steel, or cast iron with
[langed tops. The flange rests on the furnace
wall, holds the pot above the furnace floor, and
seals the contents of the pot from the products
of vombustion of the fuel used. The shape of
the pot depends upon the operation to be con-
ducted, Large rectangular furnaces, general-
Iy called kettles, are used to melt large amounts
of metal for dipping operations, suchas galvaniz-
ing. Formelting large castings, shallow, large-
diameter pots are used. When ingots or other
small pieces of metal are to be melted, deep pots
are used to promoete better heat transier. Pot
furnaces are usually emptied by tilting, dipping,
or pumping, A small pot furnace is shown in
Figure 167. Combustion equipment ranges from

Figure 167. A gas-fired small pot furnace
(Lindberg Engineering Co., Downey, Calif,).
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simple atmospheric-type burners located directly
below the pot to premix-type burners tangential-
ly fired as in crucible furnaces. The larger ket-
tles are generally provided with many small
burners along both sides of the pot.

STEEL-MANUFACTURING PROCESSES

Steel is a crystalline alloy, mainly of iron and
carbon, which attains greater hardness when
quenched from above its critical temperature than
when cooled slowly. Carbonis the most important
constituent because of its effect on the strength of
the steel and its ability to harden. Other constitu-
ents that may be present as impurities or as
added alloying elements include manganese, sili-
con, phosphorus, sulfur, aluminum, nickel, chro-
mium, cobalt, molybdenum, vanadium, and copper
(Begeman, 1947).

Steel is made [rom pig iron and scrap steel by
oxidizing the impurities, reducing the iron oxides
to iron, and adding the desired alloying constitu-
ents, The two common steel-refining processes
are: (1) The basic process, wherein oxidation
takes place in combination with a strong base such
aslime;and (2) the acid process, wherein oxida-
tion takes place without the base addition. The
two processes have the common purpose of remov-
ing the undesirable elements in the metal by the
chemical reaction of oxidation reduction. Depend-
ing upon the alloy being produced, the elements
removed from a melt may be silicon, suliur, man-
ganese, phosphorus, or carbon., These elements
are nol removed by direct chemical reaction but
byindirectreaction. Forabasic refining process,
limestone is added as a [lux, and iron ore or mill
scale as an oxidizing agent. The reactions may
be shown as follows (Clapp and Clark, 1944):

CaiQ;—— Cad + €O

COZ } Fe — a0 + 20

5; F AP0 ————w SiCJ2 + ZFe

8 t FeO ————— G + Ie

FFSC + FeO CcO + 4Fe

3Si02 t+ 2FeO [FeO}a . (Si0313 (Slag)
Mn + FeO MnQ + Fe

MnO + SiOz MnO SiOZ (Slag)
EFESP {+ BFeQ (FeQ) P205 + 11Fe

Sulfur is partially removed in the following man-
ner, CaO + FeS— CaS + FeO. The resulting Ca8
is taken up by the slag.

Foranacid relining process the sequence of reac-
tions can be shown in a similar manner as follows
(Clapp and Clark, 1944):

ZFe t O, ——— 2NN

iFe + 20, FQBDd

Si - ZFegO_q 510, + 6FeO
Si # 2FeQ Si(:}2 + 2Fe
Mn G FE‘30‘§ MnO + 3FeQ
Mn t FeO MnO + Fe
4C + F9304 GG + 3Fe
c #F Fell) =50 + Fe

The metallic oxides and silicon then form slags
according to the equations:

Fed: 4 Sl ———= FeO §i0,
2Fe0  t 3510, — (FeO); * (Si0,),
MnO  + Si0, — MnO si0,

2MnO  + 35153 ——— (MnO], o (S0O),

Steel-refining processes are usuallyaccomplished
in the open hearth furnace, the electric furnace,
or the Bessemer converter,

Open-hearthfurnaces have an approximate range

of 40 to 550 tons' capacity per heat with most

falling in the 100- to 200-ton range. Because of
the large capacities of these furnaces, they lend
themselves to large-volume steel production.

The three types ol electric furnaces used are the
direct-arc, the indirect-arc, and the induction.
Electric furnaces are most often used where only
small quantities of pig iron are readily available
and where remelting of steel scrap, or small heats
of special alloys are required, Sometimes these
furnaces are used with open-hearth furnaces. In
such cases, the steelisfirst processedin an open-
hearth furnace and is then further refined or al-
loyed in an electric [urnace,

Still in limited use today is the Bessemer con-
verter., It consists of a pear-shaped vessel or
converter, mounted on trunnions and easily tilted
for charging and pouring, Oxidation of manga-
nese, silicon, and carbonis accomplished by blow-
ing air throngh the molten metal. Converters have
been largely replaced owing fo the increased pro-
duction rates achieved by the open-hearthand elec-
tric furnaces.
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In 1960 over 4 million tons of steel (2,7 percent was represented by 906 open-hearth furnaces, 10
of the total production) was produced by a recent- percent, by 301 electric furnaces, and 5 percent,
ly developed process called the oxygen process. by 31 Bessemer converters and 12 oxygen process
This is similar to the Bessemer process in that furnaces. Total operating capacity was 148,571, 000
an oxidizing gas, oxygen instead of air in this case, tons.

is blown through the molten metal. This oxygen-
blowing process can be used as a rapid source of

heat control to increase the temperature of the Table 64, NUMBER AND CAPACITIES OF

furnace bath or may be used to refine the metal STEEL FURNACES OPERATED IN

by oxidizing the undesirable elements in the bath. UNITED STATES, 1960 (Steel Facts, American

The principal advantage of this process is that it Iron and 5Steel Institutes, New Yoark, New York)

shortens the refining time and thus reduces pro-

duction costs. Furnace type Number Capacity, tons
Open hearth 9206 126,621,630

In the oxygen process, pure oxygen is immediate - Electric 301 14,395, 940

l.yavallable I.ET promota.e* oxidation of the impurities Hessemer 31 3,396, 000

inthe bath, Ifoxygen is used to reduce the carbon Oxygen process 12 4, 157, 400

content, then carbon monoxide and iron oxide are
formed, some oxygenremaining in the bath. Fig-
ure 168 shows this relationship for various bath
carbon percentages. In the oxygen process, the
oxygenalsoreacts ata slower rate with other ele-
ments suchas silicon, manganese, and chromium
to reduce the content of these elements in the mol-
ten bath,

The air contaminants vented [rom steel-melting
furnaces include gases, smoke, fumes, and dusts.
The gquantities of these contaminants in the eiflu-
Steel-making capacity in the United States by type £nfas Pl defeadmpon: e types of spptecial

of furnace is depicted in Table 64. In 1960 over charged to the furnace. The gaseous emissions
result from the combustion of fuels and other com-

bustible contaminants in the furnace charge and
fromthe refining process, Smoke emissions re-
sult fromincomplete combustion of the combusti-

85 percent of the steel-making operating capacity

100 e — OXYGEN bles in the furnace charge or of furnace fuels.

80 7 T0 CO Particulate emissions originate partially from dirt

80 = o8 and impurities inthe charge, but the major quantity
e results from the refining process.

i
=]
Y
)

A study of the chemical reactions of the refining

N processes reveals that a large portion of the par-

\ ticulate matier is emitted from steel furnaces in

4 / the form of metallic oxides. These characteris-
\ tics are illustrated in Table 65, where the results

e . of a spectrographic analysis of the particulate dis-

OISTRIBUTION OF OXYGEN, percent
[=2] {--]
-
A
4/
1A
N

charge from an open-hearth furnaceare given, and
in Table 66, which gives a typical analysis of the
particulate discharge [rom an electric-arc fur-
nace. These fume emissions or metallic oxides

4 \ are very small, 65 to 70 percent falling into the
% OXYGEN T0 0- to 5-micron range. Table 67 shows a size
\ SLAG, el analysis uf the particulate emissions from an open-
2 hearth furnace and two electric-arc furnaces
along with other data. For a visual concept of
SLAG BASICITY = 3.0 particle size and shapes, elecltron photomicro-
. SLAG VOLUME = 170 Ib/ton graphs of fumes from an electric-arc furnace and
i an open-hearth furnace are shown in Figures 169
ik OXYGEN TD and 170.
06 LR ——1c STEEL, 0
0 02 go04 0,06 D0 0.2 04 06
BATH CARBON, percent OPEN-HEARTH FURNACES
Figure 168. The oxvgen reaction in molten steel The open-hearth furnace, which features the re-

(Dbrzut, 1958).

generative principle, was invented by William
Siemers in 1858. Although many improvements
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Table 65. SPECTROGRAPHIC ANALYSIS OF
PARTICULATE DISCHARGE FROM AN OPEN
HEARTH FURNACE?2

Element Approximate amount, %
Fe Remaining amount
Zn 10 to 15
Na lto 2
K Ita 2
Al 5
Ca 5
Cr Z
Ni 2
Pb 5
Si 5
5n 1
Cu 0.5
Mn 0.5
Mg 8L
Li Trace
Ba Trace
Sr Trace
Ag 0. 05
Mo Trace
Ti Trace
v 0.05

A These data are qualitative only and require
supplementary quantitative analysis for actual
amounts.

Table 66. TYPICAL EMISSIONS FROM
AN ELECTRIC-ARC FURNACE
(Coulter, 1954)

Component Weight %
Zinc oxide (Zn0O) 37
Iron oxides 25
Lime (CaQ) 6
Manganese oxide (MnQ) 4
Alumina (Al3;03) 3
Sulfur trioxide (SO3) 3
Silica (Si0;) 2
Magnesium oxide (MgQ) 2
Copper oxide (CuQ) 0,2
Phosphorus pentoxide (P20g) 0,2

and refinements have been made since then, the
process remains essentially the same. There are
roughly four methods of making basic opea-hearth
steelinthe United States. These are classed ac-
cording to the iron-bearing materials inthe charge
as follows (Kirk and Othmer, 1947):

1. Hotmetal (pigiron)and molten steel. By this
method, iron from the blast furnace, and steel
from the Bessemer converter are refined in
the open-hearth furnace.

2. Cold steel scrapand coldpigiron, This com-
bination is us=d by plants that have access to
supplies of inexpensive scrap and do not have
a blast furnace.

3. All steel scrap, This process is uncommon
in the American steel industry,

4. Steelscrap and molten pig iron. Most of the
integrated steel plants use this method, which
is the predominant process in the United States
and Canada.

Inthe last method, atypical initial charge consists
of 55 percent cold pig iron and 45 percent steel
scrap. Limestone and iron ore, equal in quanti-
Ly toapproximately 7 and 4 percent, respectively,
of the total weight of the cold metal charged, are
alsoadded. If molten pig iron cannot be obtained
in sufficient quantity to complete the initial charge,
more cold pig is charged with the scrap, and the
entire mass is heated in the furnace. The process

continues for approximately 2 hours until the scrap
bas rteached a temperature of about 2, 500°F and
has slightly fused. Molten pig is then added and
alivelyaction occurs in which almost all the sili-
con, manganese, and phosphorus, and part of the
carbon are oxidized. The first three elements
form compounds that slag with iron oxide and join
the ironand lime silicates that are already melted.
The ore acts on the carbon for 3 or 4 hours long-
er while the limestone forms carbon dioxide and
completes the purification. The lime boil lasts for
another 2 or 3 hours and the heat is then ready to
be adjusted for final carbon content by adding pig
iron, ore, or oxygengas. Thedescribed operation
is commonly divided into three phases consisting

of the ore boil, the lime boil, and the working

period.

The heat for the process is provided by passing a
luminous flame with excess air over the charged
materials. The combustionair is alternately pre-
heated by two regenerating units, which, in turn,
areheatedbythe products of combustion discharg-
ing from the furnace,

The Air Pollution Problam

Air contaminants are emitted (rom an open-hearth
furnace throughout the process, or heat, which
lasts from8to 10 hours. These contaminants can
be categorized as combustion contaminants and
refining contaminants. Combustion coataminants
result from steel scrap, which contains grease,
oil, or other combustible material, and from the
furnace fuel.

The particulate emissions that occur in greatest
quantities are the fumes, or oxides, of the vari-
ous metal constituents in the steel alloy being made,
These fumes are formed in accordance with the
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Table 67, DUST AND FUME DISCHARGE FROM STEEL FURNACES
Test number 1 2 3
Furnace data

Type of furnace Electric arc Electric arc|Open hearth
Size of furnace 2 ton and 5ton®| 50 ton 50 ton
Process wt, 1b/hr 3,755 28,823 13,300
Stack gas data
Volume, scim 7,541 23,920 14,150
Temperature, °F 125 209 1270
Dust and fume data
Type of control equipment None None None
Concentration, gr/scf 0.1245 0.5373 |
Dust emissions, 1b/hr 8.05 110,16 137
Particle size;, wt %
0to 5 67.9 71,9 64.7
5to 10 p 6.8 8.3 6.79
10 ta 20 p 9.8 6.0 11.9
20 to 44 p 9.0 7:5 8.96
> 44 4 6.5 6.3 7.65
Specific gravity — 3,493 5

4Bath furnaces are vented by a common exhaust system and were tested

simultaneously,

refining chemistry previously discussed,
concentration of the particulates in the gas stream
varies over a wide range during the heat, from
0.10 to a maximum of 2.0 grains per cubic foot
(Allen et al., 1952). An average is 0,7 grain per
cubic foot, or 16 pounds per ton of material charged.
The test results in Table 67 for the open-hearth
furnace show that 64.7 percent of the emissions
arec below 5 microns in size.
selected must, therefore, be capable of high col-

The

The control device

lection efficiencies on small particles.

Another serious air pollution problem occurring

with open-hearth furnace operation is that of fluo-

ride emissions.

plants, whichin turn, have caused chronic poison-
ing of animals. Surveys have shown that fluorides

These emissions have aflected

are contained in some iron ores such as those
mined in southern Utah. Control of fluoride emis-

sions presents a problem because these emissions
are in both the gaseous and particulate state.

Hooding and Ventilation Requiremenis

1;

The design parameters for an open-hearth furnace
control system for duct sizes, gas velocities, and
so forth are the same as those to be outlined for

the electric-arc furnace.

Inorder to establish the

Example 25
Given:

60-ton open-hearth [urnace.
of U,.S. Grade No. 6 fuel oil per min,

Problem:

Solution:

Fuel input =

volume of gases tobe vented from the furnace, the
maximum fuel input must be known:

35 1b

Determine the volume of gases to be vented from
the furnace stack to the air pollution control sys-
tem.

Volume of products of combustion from oil

burners:

One pound of U, S, Grade No. 6 fuel oil with

theoretical air produces

Table D6 in Appendix D).

Vv = B8 X

BC

186.1 =

186.1 scf gas (see

f,510 scim
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Figure 169. Electron photomicrographs af fumes from an electric furpace producing steel
(A

for castings (Allen et al,, 19852).

Volume of air infiltrated through leaks owing
to reversing valves, stack dampers, cracks
in bricks, and so forth:

Assume the average 150 percent excess air
(combustion and infiltration) usually found in
the stacks of regenerative furnaces. Theo-
retical air for 1 pound of U,S. Grade No. 6
fuel 0ilis 177. 2 scf (see Table D6 in Appen-
dix D).

VEA. = 35 x 1774 =% 1.5 = 9,320 scim

234-767 O = 77 =18

Total volume at 60°F to air pollution control
equipment:

Voo -~ Ype T VEa

= 6,510 + 9,320 = 15,830 scfm

The temperaturc of the furnace gases leaving

the regenerator will be approximately 1, 300°F,
In some installations, this heat source is used

to generate steam by delivering the gases to

a waste heat boiler in which the temperature

would be reduced to about 500°F,
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B #~ @

Figure 170. Electron photomicrographs of fumes from a cold-metal open-hearth steel

furnace (Allen et al., 1952).

4, Totalvolume of the air pollution control equip-
ment at 500°F operating temperature:

460 + 500

)
360 + &0 29,200 cim

=15 3 . |
VTEOO 15,830 x

Since the efficient operation of the open-hearth
furnace requires that all the products of combus-
tion, along withthe air contaminants created in the
furnace, are tobe conducted through the regener-
ator and then to a stack, it is necessary only to
direct the flow from the stack through suitable
ductwork to the control system. The size of the
blower must, of course, be increased to overcome
the additional resistance introduced by the control
system.

Air Pollution Control Equipment

Open-hearth furnaces have been successfully con-
trolled by electrical precipitators. On some in-
stallations, the control system has been refined
by installing a waste heat boiler between furnace
and control device. In this manner, heat is re-
claimed from the furnace exhaust gases, and at
the same time, the gases are reduced in tempera-
ture to within the design limits of the control de-
vice. In Table 68 are shown test results of a con-
trol system wherein the waste heat boiler and
electrical precipitator vent an open-hearth fur-
nace, Lhis test was made on one of four control
systems installed to serve open-hearth furnaces.
These control systemns are shown in Figure 171.
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Table 68, DUST AND FUME EMISSIONS FROM
AN OPEN-HEARTH FURNACE SERVED BY AN
ELECTRICAL PRECIPITATOR

Furnace data:

Type of [urnace (constructed Open hearth

1916)
Size of furnace, tons 63
Test interval I hr during heat working period
Fuel input Natural gas, 21,000 cfh

Fuel oil, 1.4 gpm

Waste heat boiler data:

Gas volume, inlet, scim 14,900
Gas temperature, inlet, °F 1,330
Gas temperature, outlet, °F 460
Water in waste gas, % 12,4
Steam production (average), 8,400
1b/hr

Precipitation data:

Gas volume, scfm 14, 900

Dust and fume concentration
{dry volume)

Inlet, gr/scf 0. 355

Outlet, grfst:f 0,004

Inlet, lb/hr 39, 6

Cutlet, lb/hr 0,406

Collection efficiency, % 98. 98

The faclors tebe considered in designing an elec- schedule. The additions vary depending upon the
trical precipitator to control the emissions from compaosition of steeldesired and the metal charged.
an open-hearth furnace are the same as those that Lime isusually a basic addition along with others,
will be described next. such as sand, fluorspar, iron ore,carbon, pig

iron, and other alloying elements, The operation
then continues in three phases: (1) The oxidizing
period, in which the undesirable elements are oxi-
dized from the metal and removed as slag, (2) the
reducing period, in whichoxygen is removed from
the metal mostly through the reaction with carbon,
and (3) the finishing period, in which additions are
made tobring the alloy within the desired specifi-
cations. The make-up of a typical charge to an
electric-arc furnace is shown in Table 69.

Electric-Arc Furnoces

The electric-arc furnace lends itself to accurate
control of temperature and time of reaction for
producing desired alloy composition. These advan-
tages are achieved because no harmful gases are
emitted from an electric arc that would otherwise
produce an adverse effect upon the metal being
refined, Steel may be produced in an arc furnace
by either the basic or the acid process. The fur-

nace may be charged with molten metal from an Table 69. TYPICAL CHARGE FOR AN
open-hearth furnace (an operation known as duplex- ELECTRIC-ARC FURNACE (Coulter, 1954)
ing), or it may be charged with cold steel scrap,

Owing to the close control that can be achieved, Material Weight %
I..o'w-g'rade scrapcan'be refined tomeet close spec~ Fluxes, carbon, and ore 5
ifications of the various steel alloys. Turnings and borings 7
After the furnace has been charged with metal, House sexap 24
fluxes and other additions required to accomplish N?' b RCRER a3

the refining chemistry are charged according to Miscaitanecha sormm laen, ®ic) =
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Figure 171. Electrical precipitators serving open-hearth furnaces,

The Air Pollution Problem

The quantity and type of [umes emitted from an
electric-arc furnace depend upon several factors:
Furnace size, type of scrap, composition of scrap,
cleanliness ol scrap, type of furnace process,
order of charging materials, melting rate, refin-
ing procedure, and tapping temperature. A large
portion of the fumes generated in a furnace is re-
tained in the slag; however, sizable guantities of
fumes escape and are discharged from the furnace
vent, Table 70 shows emission data, which vary
from 4.5 to 29.4 pounds of fumes per ton of metal
melted. Most of the emissions originate during
the first half of the heat. Figure 172 shows a curve
of emission rates during a single heat.

Hooding and Ventilation Requirements

Before the emissions can be collected they must
first be captured through some suitable hooding
arrangement at the furnace and must then be con-
veyed toa collectiondevice that has a high collec-
tion efficiency on small particles.

Four types of hooding arrangements can be in-
stalled. The first is a canopy-type hood, which
is suspended directly over the furnace (Figure 173),
A hood suchas this has serious defliciencies in that
it must be mounted high enouagh above the furnace
to clear the electrodes and not interfere with the
crane when overhead charging is employed. As
the distance between the furnace and hood is in-
creased, the volume of air to be inspirated into
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Table 70. ELECTRIC-ARC STEEL FURNACE
EMISSION DATA (Brief et al., 1956)

Rated | Average Fume
furnace| melting nyck' emission/ton
Case 2 time, i Furnace process
size, rate, B melted,
tons tons/hr 1b/ton
A 50 18,3 4 9.3%c
75 23.5 4 18, 64 Basic, single slag
75 Z3. 5 4 -
B 504 14, 4 4 7.6
502 13. 6 4 6.9 Basic, single slag
752 21.9 4 12,3
3 1.5 2 12. 6 Acid, oxygen blow
3 1: X 3 7.6 Acid, oxygen blow
t 3.1 10,4
10 6. 6 2 5.5 Basic, oxygen blow
10 5.4 2 Baid Basic, oxygen blow
2P 1,50 13. 4
C 3 1.9 2 4,5 Acid
3 1.6 2 5.8 Acid
3 Lyd 2 BT Acid
6 26 2.33 15,3
[ 3.0 2 12,8
D 18 5.4 3 6, 1
E (3] 4.1 Io2 29,4 Acid, single slag
¥ 3 1.3 L. 'th 12.7 Acid, single slag

ARefer to same furnace as case A.

PTwo 2-ton furnaces operating in parallel,
“Average for one 50-ton and two 75-ton furnaces processing

normal scrap.

dA\mrago for one 50-ton and two 75-ton furnaces processing

dirty, sub -qualily scrap.,
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Figure 172. Curve showing rate of fume emission

during a heat of an electric-arc furnace (Coulter
1954).

the hood also must be increased to achieve satis-
factory capture of the furnace emissions,

The second hood type (Figure 174) is called a ple-
num roofl. Herea flat hood is attached to the fur-
nace roof ring and has pickup openings over the
charging door, the pouring spout, and the elec-
trode openings. Holes inthe top ol the hood admit
This type of hood must have a
telescoping or swivel conneclion, or both, to the

the elecirodes.

exhaust system to permit tilting and pouring oper-
ations of the furnace. For top-charge [urnaces,
the hood must be seclioned and jnstalled with an
exhaust system disconnect joint to permit rool re-
moval, Because of this feature, these [urnaces
are mecessarily uacontrolled during the charging
operation, This type of hood is shown in Figure
175. The 45-ton furnace with plenum hood is one
of three furnaces venting to the baghouse.

In the third type of hood, the furnace roof is tapped
and vented directly to the exhaust system, which
permits the furnaceto serve as its own hood., With
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Figure 173. Electric-arc furnace venting to a
canopy-type hood.

this arrangement, air is inspirated through all fur-
nace openings and vented directly to the exhaust
system, Here again, the furnace becomes uncon-
trolled when the roof is removed during charging.
It is also uncontrolled whentilted during the pour-
ing operation unless a telescoping and swivel duct
connection is installed. Since this type of hooding
results inhigh effluent gas temperatures from the
furnace, flame and cinder traps should be installed

on the larger furnaces, and some provision for
cooling the gas stream may have to be made. This
is particularly true if the charged scrap contains

combustible contaminants, Depending upon the

materials and type of construction, the ducl con-
nections tothe [urnace may have to be water jack-
eted for cooling. Figure 176 illustrates a roof
tap with a stainless steel duct connection.

A fourth general type of hood is known as a side-
draft hood. This hood consists of a large duct that
extends from the side of the furnace to the area
where the electrodes enter the furnace through the
roof. Here, the duct divides into three sections
with each section flaring to wrap approximately
180 degrees around each electrode., The flared
ends are positioned as closely as possible to the
electrodes yet sufficient room is retained to per-

mit movement of the electrode holder. Smaller
ducts extend from the main duct to the slagging
door and tapping spout. The main duct joint 1s
provided with a swivel and/or telescoping section
to permit some control during tapping. No provi-
sion is made for collection of emissions that may
leak between the roof and the furnace, except for
the use of a soft sand seal.

This system provides high-velocity indraft air
around the electrodes (1,000 to 2,000 fpm) to cap-
ture the emissions releasedaround the electrodes.
The hood over the slagging door captures emissions
generated from this peint, and the hood over the
tapping spout provides partial capture.

A hood should be designed so that a positive in-
draft of air through all hood openings will prevent
escape of fumes. Thedesign air volume toventi-
late an electric-arc furnace with an integral hood
1s approximately 2,500 cfm per ton of charge. If
a canopy-type hood is used, a velocity of 200 fpm
should be maintained between the furnace and the
hood (Committee on Industrial Ventilation, 1960).
Design figures such as these must, however, be
used with discretion, depending upon the individual
furnace to be controlled, Table 71 contains design
data for several actual installations.

The duct system must be designed to maintain a
satisfactory conveying velocity for the furnace
emissions. These fine metallic fumes can be sat-
isfactorily conveyed at a velocity of 3,500 fpm.
Another design feature that must be considered is
that of cooling the effluent gas stream to within
operating temperature limits for cloth filters. With
a canopy-type hood, large quantities of dilution air
are taken in through the hood, which effectively
reduce the effluent gas temperature. With the
plenum roof, direct furnace tap, and side-draft
hoods, however, there are intervals when the
effluent gas stream temperatures are excessive,
and some type of cooling is required.

Cooling may be accomplished by radiation-convec-
tion cooling columns, by water-spray nozzles, or
by dilution air, In installations where cooling is
required only during a short portion of the oper-
ating cycle, a dilution air damper can be installed
in the exhaust system that automatically opens to
prevent the gas stream's temperature from ex-
ceeding the limits of the filter cloth. The effects
of these cooling methods uponduct, fan, and motor
selection must be considered in designing the ex-
haust system. The introduction of water into an
exhaust system invites accelerated corrosion,
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Figure 174, Close-fitting plenum-type hood serving an electric-arc furnace:
(left) furpnace filled with hood in nlace, (right) furnace with hood removed
(Soule Steel Company, Los Angeles, Calif.).
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Figure 175. (Left) electric-arc furnace with plenum hoad, (right) venting to a
baghouse (National Supply, Torrance, Calif.).

Figure 176. Direct roof tap on an electric-arc
furnace (Alloy Steel and Metals Company, Los
Angeles, Calif.).

Sometimes, local opacity regulations cannot be
met through the use of only a close-fitting hood.
This type of control leaves the furnace uncontrol-
led during charging and only partially controlled
during tapping. While the initial charge maynot
produce large quantities of emissions, any later
backcharge usually produces objectionable smoke
and fumes, The tapping of the furnace alsopro=-
duces fumes that escape collection.

When additional equipment is needed to control
emissions created during charging and Lapping, it

is advantapeous to select a design adaptable to
existing plant facilities and compatible with furnace
operations. A high canopy hood can meet these
needs if itis located directly over the [urnace be-
tween the roof and the crane line. All roof moni-
tors or exhaust fans nearby must be closed and
sealed, The building must be enclosed Lo prevent
free movement of wind through the plant. Cross-
drafts must be kept to a minimum near the furnace
to prevent the emissions from being blown away
from the haood, Free-standing side panels, adja-
cent to the furnace and extending {rom near floor
level to crane height, may be required. The size
of the hood and air volume required tobe exhausted
are determined by using the formulas developed
in Chapter 3., During charging or tapping opera-
tions, the close-fitting-hood control system is not
usedand is dampered, andthe canopy hood captures
the emissions, This procedure eliminates the need
for exhausting air {rom both hoods at the same
time, and thereby reduces the size of the control
system. The canopy hood should have sufficient
internal volume to prevent spillage of fumes during
the violent burstof emissions created by the back-
charges,

When more than one furnace is to be controlled,
the size of the control system can be minimized
by arranging the furnace melting cycles to allow
only one furnace tapping and charging cycle or one
furnace melting cycle to occur at any one time.
The control system also can be used to vent the
station where the ''skulls,'" or unpoured metal,
are burned out of the ladle,



Table 71,

ELECTRIC STEEL FURNACE AND BAGHQUSE COLLECTOR DATA

Total number of
furnaces

Furnace nomi-
nal si1ze, Ltons

Furnace actual
charge, tons

Furnace energy
rating, kv-a

Average heat
time, hr

Oxygen blow

Design volume
af blower, cfim

Gas volume/ton
vharged, cfim/
Ton

Type of bag-
heouse

Filter materinl
Filter area, (12

Filtering veloo-
iy, fpm

Shaking cycle,
rrin

Precleaner

Hood type

Hood duct
connection

Cooling

rrret b

A B (¥ D E : 3 G H
3 1 1 1 4 3 2 2
25, B2 15 L2 lé Af4; 3 3, 3 2,2, )2 3 2 3 3
314, 4-1/2,
&5 By B 17 14 19 4-1/2, 4-1/2 4, 4, 3/4 3-1/2, 2-1(2 3-1/3, 3-1/3
750, 1, 400
5,000, 5,000, 1,500 6, 000 6,000 7,500 1,800, 1,800 |I,500, 1,500, 800 1,500, 1,000 1,750, 1,750
6-1/2,3-1/2, 3 2 2-1/2 2-1/2 By Bavdy & 4, &, 2 1-1/2, 2 & B
Yes Yes No No Yes No Yes Yes
G0, 000 47, 000 60, 000 60,000 32,000 26,200 13, BOO S,dOU
a ; b C
2, 140 2,610 4, 280 3, 160 Z,370 2, 760 3, 940 1,200
Compartimoented Sectioned Compartmented| Sectioned Sectioned cloth| Compartmented | Compartmented Reverse
tubular tubular tubular tubular screen tubular tubular air jet
Dacron Orlon Orlon Orlon Cotlon Orlon Orlon Orlon
30,720 20,800 25,760 26, 304 11,220 1L, 760 5, 540 B84
1,96 2.26 2. 33 2. 28 2.85 2.23 2.5 9,06
60 120 60 150 60 60 60 Continuous
WD roto-
None None Cinder trap Cinder trap clones None None Rotoclone
Rool Roof Roof Roof Roof Roof Direct furnace
cnclosure enclosure enclosure enclosure Canopy enclosure enclosure tap
Teluscoping - Telescoping - Telescoping- |Telescoping- Special slip
articulatitp articulating articulating articulating Permanent Slip flange Ship flange flange
15,000 «fm Long duct and |Longductand
blower liong duct cinder trap cinder trap Water Long duct Long duct Water

AWith all blowers and furnaces in use,

BA 3/4-ton furnace not included --standby.
“Oniy one furnace operated at a time--2-1/2 ton standby.,

! -

“Provides continuous connection to duct during slag and tap.

§9589001g JurIN}dEJNUEBN (9918
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Air Pallytion Cantrol Equipment
Baghouse dust collectors

The baghouse control device mustbe designed with
features that make its operation compatible with
the operation of the furnace and exhaust system,
The baghouse must have a filter arca that efficient-
ly removes the particulate matter from the gas
stream, The filtering velocity should not exceed
2,5 fpm. Since high temperatures are reached
periodically, Dacron or glass fiber are used for
this service. Dacron can withstand temperatures
up to 275°F, and glass fiber can withstand tem-
peratures up to 500°F. Electric furnace fumes
tendtoagglomerate, and the bags must be shaken
sufficiently to remove the collected fumes from
the cloth surface. The temperature of the efflu-
ent gas stream entering the baghouse must not be
allowed to fall below the dewpoint, or blinding of
the bags results, This, in turn, reduces the ex-
haust air volume, causing poor pickup of fumes at
the source, Blinding of the bags also makes bag
cleaning more difficult. The baghouse should be
compartmented sothatone section at a time canbe

isolated and bags shaken to allow continuous sys-
tem operation. Itshould be equipped with hoppers
that facilitate the removal of the collected ma-
terial. Screw conveyors are frequently installed
onthe hoppersas an aid for removing the materi-
al collected,

Controlunitassembly must be constructed of ma-
terials that can withstand the temperatures of the
furnace and the effluent gas stream. Provision
should also be made to prevent sparks and burn-
ing material {rom entering the collector.

An outline of some of the design features of bag-
houses that serve sleciric steel-melting furnaces

is included in Table 71. Only one of these instal-
lations was equipped for reverse air cleaning.
This particular baghouse has been replaced with
a conventional shake cleaning unit because of the
high maintenance costs associated with the re-
verse air cleaning mechanism and because of the
excessive bag wear.

In Table 72 are shown test results of air pollution
control systems with baghouses serving electric-
arc steel-melting furnaces. The collection effi-
ciencies of the baghouses in tests 1, 2, and 3 are
within the range of expected efficiencies for in-
stallations of this type. In tests 4 and 5 the col-
lection efficiencies are subnormal, indicating mal-
function of the systems, This was evident at the
time of the tests from the visible discharge of
dust and fumes from the baghouse outlets., An in-

vestigation disclosed thatthose two baghouses had
many defective bags, The results, however, are

reporied to emphasize the necessilty of checking
the validity of tests such as these.

Electrical precipitators

An electrical precipitator may be used to control
the emissions from an electric-arc furnace, The
fundamental design considerations for hooding, air
volume ¢ooling, ductsizing, and fan selection are
the same as those outlined for baghouse control.
The one major difference pertains to the condition-
ing of the elfluent gas stream. A baghouse sys-
tem should be designed so that the gas tempera-
ture remains below the maximum operating tem-
perature of the cloth bags and above the dewpoint.
For an electrical precipitator, contrel must be
much more accurate, The apparent resistivity
of the material to be collected must {irst be de-
termined. After this is known, the condition of
the gas stream, and the temperature and humid-
ity that will result in the most efficient collec-
tion can be determined. Efficient collection usu-
allyfalls within a narrow temperature range, in
which case the conditioning system must be de-
signed to maintain the effluent gas stream with-
inthatrange. Figure 177 shows the relationship
between temperature, humidity, and collection
efficiency for an electrical precipitator serving
anelectric-arc furnace in a specific installation,
For this particular installation an acceptable ef-
ficiency was not realized until the gas tempera-
ture was maintained below 127°F and the humid-

ity above 49 percent. Table 73 shows operating
data for two installations of electrical precip-
itators serving electric-arc furnaces.

One general equation (Brief et al., 1956) for ex-
pressing precipitator efficiency is

L
Bl i % Kv (100)
where
E = collection efficiency
K = precipitation constant (alwaysless than

unity and dependent upon the resistivity
of the fume for a specific degree of gas
conditioning)

L = electrode length, [t

V = wolumetric flow rate, cfm.

This equation shows some of the factors that must
be considered before the control system can be de-
signed. Factors such as efficiency required, re-
sistivity of fume, gas conditioning, geometry of
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Table 72,

DUST AND FUME EMISSIONS FROM ELECTRIC-ARC

STEEL FURNACES WITH BAGHOUSE CONTROLS

Test number I 2 3 4 L3
Furnace data
Type of furnace i-electrode 3-electrode Two, 3-electrode | 3-electrode 3-electrode
Direct arc Direct arc Direct arc Direct arc Direct arc
Size of furnace,
tons 17 3a1)2 4/4 14 19
Process wt, 1b/hr |13,700 4, 250 3, 380/5, 131 17,650 22,300
Baghouse data
Type of Sectioned Compartmented|Sectioned Compartmented | Sectioned
baghouse tubular tubular tubular tubular tubular
Filter material Orlon Orlon Orlon Orlon Orlon
Filter area, ft% 20,800 5,540 11,760 25, 760 26, 304
Filtering velocity,
fpm 1,95 1.78 1.20 1,253 1.75
Dust and fume data
Gas flow rate,scfm
Inlet 38, 400 10, 300 12, 960 18, 700 42, 300
Outlet 40, 600 9, 900 14, 110 31,700 46, 100
Gas temperature,”F
Inlet average 172 135 129 186 167
Outlet average 137 106 i1 139 153
Concentration,
gr/scf
Inlet 0.507 0,346 0.398 0.370 0. 462
Outlet 0.003 0.0067 0. 0065 D.0158 0, 047
Dust and fume
emission, lb/hr
Inlet 166.9 30.5 44,2 59.3 167,5
Qutlet 1.04 0.57 0.79 4.3 18. 5
Control efficiency,% 99. 4 98. 1 98,2 92. 72 8. 9%
Particle size, wt %
Inlet, Oto 5n 72.0 7.2 63.3 59,0 43,3
5to 10 10.5 37.8 17T 53,1 177
10 to 20 2.7 3.4 8.0 4.9 6.4
20 to 40 4.7 1.6 8.1 3.0 14. 60
> 40 10.1 0 2.9 0.0 18.0
QOutlet 100% < 2 100% < 1 p 100% < 2 p 72% < 5 L V5% < 5 p

2An investigation disclosed that poor efficiencies were due to defective bags in the baghouse.

precipitator, and others should all be tliscussed
witha manufacturer of electrical precipitators be-
fore the design of the control system is formu-
lated. General design information on electrical
precipitators has been discussed in Chapter 4.

Water scrubbers

Water scrubbers have beenused in many process-
es in which some contaminant must be removed
fromagas stream. These same scrubbing meth-
ods have been used to control the emissions from
electric-arc steel furnaces with varied results.

Table 74 shows the results of six tests on water
scrubbers serving electric-arc steel-melting fur-
naces. Wet collectors collect only the larger

particles and allow the submicron particles to pass
through and be discharged to the atmosphere.

These submicron particles cause the greatest dif-
fusion of light and thus produce the greatest visual
opacity. A wventuri scrubber can be operated at
greater efficiencies than those achieved by the
scrubbers depicted in Table 74. A basic disad-
vantage of many scrubbers is that their efficien-
cy of collection is proportional to their power in-
put; thus, if a scrubber has the feature of high col-
lection efficiency, the power input required to
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Table 73.

realize this high efficiency is also large. In any
event, the decisiontoinstall a scrubber over some
other type of control device depends principally
upon the collection efficiency required and the
comparative costs of installation and operation.

ELECTRIC-INDUCTION FURNACE

The electric-induction furnace uses the material
to be heated as a secondary of a transformer,
When a high-frequency current is applied to the
furnace coils, an electromagnetic field is set up
in the core or space occupied by the metal to be
melted. This high-density electromagnetic [ield
induces currents in the metzal, causing it to heat
and melt. These furnaces range in size from 30
pounds' to 8 tons' capacity. They are not well
adapterd to a refining process and, for the most
part, are used for preparation of special alloys,
or for certified true heats, or for invesiment cast-
ings.

The Air Pollution Problem

The fume emissions [rom an electric-induction
furnace processing steel alloys have the same
characteristics as those {rom electric-arc fur-
naces. 8ince a high degree of control is exer-
cised in preparing alloys in this type of furnace,

OPERATING DATA OF ELECTRICAL-PRECIPITATOR

CONTROL SYSTEMS SERVING ELECTRIC-ARC FURNACES
(Brief et al,, 1956)

Case A B
Operational data
Inlet gas volume, cim 105,000 33,500
Inlet gas temperature, °F 127 80
Absolute humidity, 1b/1b dry gas 0. 045 Ambient

Inlet fume concentration, gr/1t3

0. 682 to 1. 35b

0,115

Electrical -precipitator data

Type High-efl plate Exp metal plate
Rectification Mech, full wave Mech, full wave
Size 30 ducts, 10 in. = |19 ducts, 8-3/4 in. x
18 it x 18 ft I7Tft 6in. x 18 {1
Gas velocity, fps 3.9 2.3
Gas retention time, sec 4.6 7.8
Electrode length 11,880 7,550
LI aus, Sosstadedengiy o junl 6. 8:1 13.6:1
volumetric rate
Gas conditioner data
2-stage Radiation and
Type evaporative tempering air
coaoler cooler
Collection efficiency 97 + % 929,

2Average for one 50~-ton and two 75-ton furnaces processing normal scrap.

bAverage for one 50-ton and two 75-ton furnaces processing dirty, subquality

scrap.
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Table 74. HYDROSTATIC SCRUBBER DATA
Test A B C D E F
Total number of furnaces 2 1 1 2 1 1
Furnace size, tons 6Gand 20 20 [ 3 and 3 50 75
Process wt, Ib/hr 12, 444 4,720 6,240 5,020 27,200 43,900
Volumne of gases inlet, scfm 17,500 22,700 20,700 10, 140 25,900 32,400
Volume of gases outlet, scfm 20, 600 24,600 20,700 10,860 29,800 35, 600
Gas temperature inlet, °F 132 123 110 145 297 281
Gas temperature outlet, "F 89 76 92 92.5 99 105
Fume concentration inlet, gr/scf 0.158 0. 0657 0. 167 0.329 0.423 0. 966
Fume concentration outlet, gr/scf 0.055 0. 0441 0,102 0.108 0,109 0,551
Fume emission inlet, lb/hr 237 12,8 29,6 28,7 94 268
Fume emission outlet, |b/hr 9.71 9.3 13:2 10,1 27.8 168
Collection efficiency, % 59, 1 27,3 55, 4 65 70, 4 37.3
metals contaminated with combustible elements Solution:
such as rubber, grease, and so forth are not
. o 1/3 Sl
chargedto the furnace. This practice eliminates q = S AE (m) (At) (from Chapter 3)
the need for control of combustible contaminants,
The quantity of contaminants emitted from induc-
z ; . where
tion furnaces processing steel alloys varies. The
fact‘o_rs affecting the fume gcnerati’on include com- g = Pt bEtNerAT ad ot ot bap ol haak
position of alloy, method of making the alloy ad- s, (e
dition, temperature of the melt, and size of the d
furnace, Whenthese factors :}ru controlled, son‘}e A = ‘maciace aves of hot budvand fase ares
steel alloys can be made without the need of air 5 of hood. ft2
pellution control equipment. :
m = diameter of crucible, ft, For lack of
Hooding and Ventilation Requirements proved experimental values for m, the
diameter of the molten metal (heat source)
Since induction furnaces are relatively small, the will be used in the operation
canopy-type hood is readily adaptable to capturing
the fumes. Recommended hood indraft velocities At = temperature differential between hotbody
vary from 200 to 500 fpm, depending upon the and room air, °F.
hood, furnace geometry, cross-drafts, and tem-
eratures involved. The following example prob-
fem shows a method of Calculating ventill;tic}:'i re- q = (5.4)(. 14}{2]lf3(2= 900)5!12
quirements for a canopy-type hood serving an
induction furnace: q = 590 cfm

Example 26
Given:

1, 000-1b capacity electric-induction steel melt-
ing furnace
3,000°F

2 3t

Pouring temperature =
Diameter of crucible =
metal = 3, 14 thZ
31t

100°F.

Surface area of molten
Hood height above furnace =

Room air temperature =

Problem:

Determine the minimum ventilation requirements
for the furnace.

The formula used in calculating the ventilation re-
quirements is accurate only for low-canopy hoods
havinganarea equal to that of the heat source and
having a maximum height of approximately 3 leel
above the furnace. For high-canopy hoods, the
hood area and ventilation volume must be increased.

Air Pollution Cantrol Equipment

The design considerations for the remainder of the
control system, including ductwork, type of col-
lector, and fan and motor selection, are the same
as outlined for electric-arc furnaces, Figure 178
is a photograph of two induction furnaces served
by a canopy-type hood that vents to a baghouse.



256 METALLURGICAL EQUIPMENT

Figure 178. Canopy-type hood serving two electric-induction furnaces (Centrifugal Casting,
Long Beach, Calif.).

IRON CASTING

Control of the air pollution that results from the
melting and casting of iron may be conveniently
considered according to the type of furnace em-
ployzd. The cupola, electric, and reverberatory
furnaces are the types most widely encountered.
The air pollutants are similar, regardiess of the
furnace used; the primary differences among the
air pollution control systems of the various fur-
nace types are tobe found in the variations in hood-
ing, and the necessary preparation and treatment
of the contaminated gases from the furnaces. Es-
sentially, the air pollution problem becomes one
of entraining the smoke, dust, and fumes at the
furnace and transporting these contaminants to
suitable collectors.

CUPOLA FURNACES

The most widely encountered piece of equipment in
the grayiron industryis the cupola furnace. High
production rates are possible and production costs
per ton of metal are relatively low. Despite this,
where the product permits, some gray iron found-
ries have substituted reverberatory furnaces for
their cupolas rather than install the air pollution
control equipment that cupolas require. Table 75
shows one manufacturer's recommendations for
operating cupolas,

The Air Pollution Problem

Air contaminants emitted {rom cupola furnaces
are (l)gases, (2)dustand fumes, and (3) smoke



Table 75.

GENERAL RECOMMENDATIONS FOR OPERATING WHITING CUPOLAS
(Practical Hints on Cupola Operation, No, 237-R, Whiting Corporation, Harvey, Illinois)

Melting rate, tons/hr,

Man. . Bed coke Aar Suggested blower
Cupola $ Shall e Diameter Arf.a with 1ron-coke hesght Coke and iron charges, lb ; foraugh Felactitnts
; diameter, ingide inside (after bed) ratios of Iron Lime-
size in of lower Witng Tabl ok Sach above 5 b tuyeres, | o Discharge
! lining, n. K. By 30 b 8 10 12 | ryeres,” 1. [Coke | 671 | 8/1 | 10/1] 12/1 Feonci cfm pressure, oz
0 27 4-1/2 I8 254 34| 28 to 44 20 120 160 570 640 8
1 iz 4-1/2 2% 415 1 I-1/2 36 to 42 25 210 280 f 940 1, 040 16
2 36 4-1/2 27 572 1-3/4) 2-1/4 36 to 42 45 270 160 L, 250 I, 430 16
2-1/2 41 i | 27 572 1-3/4( 2-1/4 36 to 42 45 270 360 9 1,2%0 1,430 16
3 46 7 32 304 2-1/2] 3-1/4 1 40 to 46 65 330 520, 650 13 1,810 2,000 16
3-1/2 51 7 37 1,075 3-1/4] 4-1/4 5-1/4 40 to 4b 85 510 6BO| 850 17 2,420 2,700 16 to 20
4 56 7 42 1,385 4 5-1/2 7 42 to 48 110 [.1.1] BBOJ1, 110 22 3,100 3,450 20 to 24
5 63 9 45 1,590 4-1/2| 6-1/4| 8 42 to 4% 130 780 | 1, 040[1, 300 26 3,600 | 4,000 20 to 24
-] 66 9 48 1,809 S5-1/2] 1-1/4 a 10-3/4 45 to 51 145 870 | L, 170[),450 ! |, 740 29 4,100 4,500 24 to 28
7 72 9 54 2,290 i 9-1fq | 11-1/2]13-3/4 45 to 51 185 1,100 1,4301..350 2,220 17 5,200 5, 150 24 to 32
B 76 9 60 2,827 9 Li=1/4 | 14 17 45 to 51 225 |1,3501 1, B00j|2,250 | 2,700 45 &, 400 7,100 24 to 32
9 84 9 b6 3,421 In=1/2]13-%/4 | 17 20-1/2 45 to 51 275 |1,650| 2, 20042, 750 | 3, 300 55 7,700 8, h0O 24 to 32
9-1/2 90 o 72 4,071 12-1/4(06-1/4 | 20-1/4]24-1/2 47 to 53 325 |1,950| 2, 600(3, 250 | ¥, 900 b5 4,200 |10,200 28 to 36
1o 96 78 4,778 15 19 23-3/428-3/4 47 1o 53 385 |2, 3DD| 3.080(3,850 | 4, 600 77 10,700 |11, 900 28 to 3b
11 102 iz 78 4,778 15 19 23-3/4|28-3/4 47 to 53 385 (2,300 3,080/{3,850 | 4,600 77 10,700 |1i,900 28 to 40
12 108 12 B4 5, 542 i7 22-1/4 ] 27-3/4]33-1/4 47 10 53 445 |2,670| ¥, 5604, 450 | 5, 400 B9 12,500 (13,900 32 to 40

AFor long heats, use heavier linings.

bHc!ghl of bed coke varies as square root of blast pressure, Recommend

blowers with 20-0z discharge pressure when air weight control 18 used,

CAdditional pressure capacily may be requried when auxiliary equipment 1s added to the blast systems or when piping 1s long or complicated,

Burysen uvoay

LS2
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and oil vapor. The [ollowing is a typical cupola
combustion gas analysis: Carbon dioxide, 12.2
percent; carbon monoxide, 11.2 percent; oxygen,
0.4 percent; nitrogen, 76.2 percent. Twenty to
thirty percent by weight of the fumes are less than
S5microns in size. A particle size analysis of the
dust and [umes collected from gray iron cupolas
is shownin Table 76, as are some emission rates,
Tables 77 and 78 show micromerograph and spec-
trographic particle size analysis of two samples

taken from the hoppers of a bag filter serving a

gray iron cupola furnace. Dust in the discharge

gases arises from dirt on the metal charge and
from{ines in the coke andlimestone charge. Smoke
and cil vapor arise primarily from the partial com-

bustion and distillation of oil from greasy scrap
charged to the furnace.

Hooding and Venfilation Requirements

One way to capture the contaminants discharged
from a cupola furnace is to seal the cupola top
and vent all the gases to a control system. A
second method is to provide a vent in the side of
the cupola a few feet below the top of the burden
and vent the gases to a control system, The con
trol system consists of an afterburner, a gas-

cooling device, and a dust collector, which is
either a baghouse or an electrical precipitator.
The system must be designed to exhaust enough
gas volume to remove all the products of combus-
tion frorn the cupola and to inspirate sufficient air
at the charge opening to prevent cupola gas dis-
charge at that point. In addition, the exhaust gas
volume must be sufficient to remove the products
of combustion from the afterburner section. In
cupolas of large diameter (over 36 in, ), enclosure
of the charge opening with refractory-lined or
waler-cooled doors is usually necessary, These
doors are pneumatically operated to open only
during the actual dumping of a charge into the cu-
pola.

Even though a closed top cupola is equipped with a
door to cover the charge opening, it is common
practice to design the ventilation unit to provide
at least 250 fpm average indraft velocity across
the full open area of the charge opening.

Air Pollution Control Equipment

Collection efficiencies of several small-scale con~
trol devices on gray iron cupolas are shown in

Table 76. DUST AND FUME EMISSIONS FROM GRAY IRON CUPOLAS

Test No. 1 2 3 4 5 f 7
Cupola data
Inside diameter, in. 60 37 63 a6 42 60 48
Tuyere air, scim - 1,950 7, 500 - - - -
Iron -coke ratio /1 b.66/1 10.1/1 6.5/1 9.2/1 9.6/1 7.4/1
Process, wi, lb/hr 8,200 8, 380 39, 100 24,650 14, 000 36, 900 16, 800
Stack gas data
Volume, scim 8,300 5, 540 30, 500 17,700 20, 300 21,000 5,430
Temperature, "F 1,085 1,400 213 210 430 [y 482
COE. o - 12,3 2.8 4.7 B2 - -
0z, T - - - 12,7 11,8 - =
CO. T - - - 4] a.1 - -
Nz, % - = - 67.5 67,3 = =
Dust and fume data
Type of control None None None Baghouse | Elec precip Baghouse Elec Precip
equipment afterburner
Concentration, gr/scf
Inlet - - - 1,33 2973 0.392 i
Outlet 0.913 | &% 7 0.413 0.051 0.0359 0. 04586 0. 186
Dust emission, lb/hr
Inlet = - = 197 184.7 70. 6 110
Outlet L5 62, 4 108 % ; b.24 B. & 1532
Control efficiency, T - - = 96 96,6 88,4 L
Particle size, wt T
Dto 54 18. 1 17.2 23.6 25,8 - - -
S5io 10 p b, 8 B.5 4.5 6,3 - - -
10 to 20 1d. 8 10,1 4.8 2.2 - - -
20 to 44 p 32,9 17.3 9,5 10, 0* - = =
> 44 29.3 46.9 57.9 55,79 - - -
Specific gravity 3. 34 2.78

fFrom 20 to 50 W,
bGreater than 50 Jha
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Table 77, MICROMEROGRAPH PARTICLE SIZE
ANALYSIS OF TWO SAMPLES TAKEN FROM A
BAGHOUSE SERVING A GRAY
IRON CUPOLA FURNACE

Table 78. QUALITATIVE SPECTROGRAPHIC
ANALYSIS OF TWO SAMPLES TAKEN FROM
A BAGHOUSE SERVING A
GRAY IRON CUPOLA FURNACE?

Sample A Sample B
parnicle dameter, | Cumutstivel L eter | Comulative
x wt T g wt T
I H A
0.9 0.0 1.0 0.0
P | % .3 1.7
1.4 A4 1.6 3.6
1.8 T.4 23 7.0
F A 1 T . 2.6 LR. 5
2.8 15,0 3.0 1.3, 3
3.7 20,4 4.2 19.9
4.6 24. 6 5.2 24.8
5,5 27.3 b3 29.0
6,4 29.0 i o | 32.5
6.9 29,8 TvB 34,9
7.3 10,3 9.4 36,3
7.8 30,7 9.9 iB. &
8.2 3.2 4,4 19.8
B:7 31.3 10.1 41.1
9,3 3.9 10. 4 42. 0
10. 1 32,1 10. 9 44,2
1.0 33,1 1.5 45.4
12,4 33,5 14. 1 b7
13.7 33,6 is. 6 47,0
16,5 33,9 18. 8 7.4
19:3 4. 2 Z1 9 47.6
2.0 34,4 2% 47.7
24.7 34,7 28,1 45,0
27,5 38 | 31,3 48.4
30,2 34.0 34.49 48.8
34,4 37, % 19,1 49,8
41. 3 4.k 4. 9 5.3
55.0 46, 4 b2. 5 56,7
68.7 51,1 78, 1 63,4
B2.6 35, 9 93, 8 69. 3
123 1.4 134 40.5
Table 79. These tests indicate the superior ef-

ficiencies of baghouses and electrical precipita-
tors and, in practice, onlythese devices have been
found to operate satisfactorily in Los Angeles

County. As mentioned, these systems also include
auxiliaryitems suchas afterburners, gas-cooling
devices, and settling chambers.

Afterburners

An alterburner is generally installed in a cupola
furnace control system for two reasons. The
high carbon monoxide content of the cupola ei-
fluent presents a definite explosion hazard; this
hazard can be avoided by burning the carbon
monoxide to carbon dioxide. Secondly, the after-
burner burns combustion particulates, such as
coke breeze and any smoke and oil vapors that
may be distilled from the furnace charge. This
combustion of oil vapors prevents later condensa-
tion on the surface of the filter bags and their re-
sultant blinding. While afterburners may be in-
stalled as separate units, the common practice is
to use the upper portion of the cupola between the
charging door and the cupola top as the afterburn-
er. When this is done, the height of the standard
cupola must usually be increased to give a vol-
ume sufficient to provide adequate residence time

234767 O = 77 = 1B

Approx amount, | Approx amount,
Element % i
Sample A Sample B

Aluminum 0. 81 I
Antimony 0. 24 0,24
Boron 0.054 0. 054
Cadmium 0.13 0.064
Calcium 0,16 0.25
Chromium 0.022 0,019
Copper 0.42 0.32
Gallium 0,017 0.019
Germanium 0,018 0.015
Iron 6.0 7.5
Lead 17.0 17.0
Magnesium 0.29 0.30
Manganese 1,0 0.81
Maolybdenum 0. 0068 0.0075
Nickel 0.023 0,022
Potassium 1.9 1.2
Silhicon 8.6 15,0
Silver 0.0093 0. 0089
rin 1,41 0. 38
Titanium 0.019 0.034
Zanc Tl 5.9

#These data are qualitative only and require
supplementary quantitative analysis for actual
amopunts of the elements found 1o be present.
These are the same samples as given in
Table 77.

to complete the combustion in the afterburner.

As described earlier, the pollution problem {rom
the various iron processes originates from emis-
sion of gases, dust, fumes, and smoke. The
ratios of the quantities of the contaminants emit-
ted from this equipment vary appreciably and
influence the selection of the control device or
devices to be employed.

An afterburner should be designed with heat ca-
pacity to raise the lemperature of the combusti-
bles, inspirated air, and cupola gases to at least
1,200°F, The geometry of the secondary com-
bustion zone should be such thatf the products to
be incinerated have a retention time of at least
1/4 second. A luminous flame burner is desir-
able, since it presents more flanie exposure,

Enough turbulence must be created in the pas

stream for thorough mixing of combustibles and
air. In large-diameter cupola furnaces, strati-
fication of the gas stream may malke this a major
problem, One device, proved success(ul in pro-
moting mixing in large-diameter cupolas, is the
inverted cone shown in Figure 179. The combus-
tion air is inspirated through the charging door
and, if necessary, may also be inspirated through
openings strategically located in the cupola cir-
cumference, above the charging opening. The
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Table 79. SOME COLLECTION EFFICIENCIES OF EXPERIMENTAL SMALL-
SCALE CONTROL DEVICES TESTED ON GRAY IRON CUPOLAS?
Inlet Outley Inlet Qutlet P
; gas gas dust dust Fakispiion
Enuipaienriesned valume, |volume, | load, load, uf[ic:'ency. Sendyics
scim scfm  |gr/scl| gr/sct &
Controla for cupolash

High-eificiency cyclone 3io 384 1,225 | 0,826 22:%

Dynamic water scrubber| 1,410 1,760 L. 06 n. 722 38. 2 Water added before control unit for
cooling totalled 6 gpm

Venturi-type scrubber 375 432 Lo17 0.291 w3 Two gpm-water introduced for cooling
gas stream; 3,5 gpm added al ventun
throat; cyclonic scrubber operated dry

Dynamic--impingement 605 995 0.95 0. 141 75.0 Water rate in excess of 10 gpm

wet scrubber

Baghouse--one silicone- 52.7 5. Wil 34 0. 046 96. 5 Average temp, 172°F, average filter-

treated glass wool bag, ing velocity, 3.22gpm

10 in. dia x 10 ft length

Evaporative cocler and 1,160 | 1,330 1.263 | 0.0289 G Water rate to cooler, 22 gpm: to

redwood pipe electrical precipitator, & gpm

precipitator

Other basic equipment

MNatural gas-fired -- 5, 160 -- 0.00288% 9%, 2% Melting rate, 546 lh/hr: gas consump-

reverberalory furnace tien ratle, 4,200 cfh; melting clean
scrap and pig iron

2In all cases, equipmen! was installed and operated according to the manulacturer's recommendations.
The six control devices were tested on the same cupola.
I 2
This 1s not an actual collection efficiency, but a percent reduction when compared with average cupola emissions,

rapid ignition of the combustible effluent by the
afterburner frequently results in a pulsating or
puffing emission discharge from the charging door,
This can be eliminated by the installation of an
ignition burner below the level of the charging
door, which ignites and partially burns the com-
bustible effluent,

A cupola afterburner need not be operated through
the entire furnace cycle, Ewven without an after-
burner, an active flame c¢an be maintained in the
upper portion of the cupola, This requires con-
trol of the materials charged, and likewise, con-
trol of combustionair and mixing. The afterburn-
er must, however, be in operation during the fur-
nace light-off procedure. It is desirable to ignite
the coke bed with gas torches, because consider-
able smoke may result if the light-off is done with
kindling wood.

Baghouse dust collectors

The temperature of the gas stream discharged
fromthe top of a cupolamaybeas high as 2,200°F,
If a baghouse is used as a control device, these
gases mustbe cooled to prevent burning or scorch-
ing of the cloth bags, Maximum temperatures
allowed vary from 1B0°F for cotton bags to 500°F
for glass fabric bags.

Cooling can be effected by radiant cooling columns,
evaporative water coolers, or by dilution with am-
bient air, Figure 180 shows an installation in
which the gas stream is cooled by dilution and ra-

diation-convection cooling columns. Ofthe three
types of coolers, spraying is the most common,
All types have been discussed im Chapter 3,

For satisfactory baghouse operation, when metal-
lurgical fumes are to be collected, filtering ve-
locity should not exceed 2-1/2 fpm. Provisions
for cleaning collected material from the bags usu-
ally require compartmentation of the baghouse so
that one section of the baghousi may be isolated
and the bags shaken while the remainder of the
system is in operation. The gas temperature
throughthe baghouse should not be allowed to fall
below the dew point, because condensation within
the baghouse may cause the particles on the bag
surfaces to agglomerate, deteriorate the cloth,
and corrode the baghouse enclosure. A bypass

controlmust also be installed. If the cooling sys-
tem fails, the bypass is opened, which discharges
the effluent gas stream to the atmosphere and thus
prevents damage to the bags from excessive tem-
peratures. Properlydesigned and maintained bag=-
houses cannormally be expected to have efficien-
cies ranging upwards from 95 percent.

Electrical precipitators

Electrical precipitators are an efficient control
device for collecting most metallurgical fumes
where steady-state conditions of temperature and
humidity can be maintained in the gases tobe cleaned.
The procedures used in determining the effluent
gas volume and temperatures for a precipitator
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Figure 179.

54 in.——f

GAS BURNERS

S

Integral afterburner with in-

verted cone (nstalled in top part of cupola
to create turbulence to ensure complete

combustion.

control system are the same as those for a bag-
house control system. The collection efficiency
of an electrical precipitator depends in part upon
the apparent resistivity of the material to be col-
lected. This, in turn, depends upon the charac-
teristics of the material, and the moisture con-
tent and temperature of the effluent gas stream.
After the condition of the gas stream under which
precipitation is to take place has been determined,
the system's conditioning units for controlling the
temperature and humidity of the effluent gas stream
can be designed. The large temperature fluctua-
tions of the effluent gas stream from a cupola re-
quire that the control system be designed to main-
tain proper levels of temperature and humidity.
Installation and operation of equipment to main-

tain these levels may be bulky and expensive, and
should be reviewed with the manufacturer. In
order to avoid corrosion in the precipitator unit,
the control system must be designed to prevent
water carryover or condensation. Figure 181
shows a cylindrical water spray conditioning cham-
ber, upper left; electrical precipitator, center;
fan and discharge duct, upper right, These con-
trol units vent a cupola with a separate afterburner,

not shown in the photograph. The precipitator

rectifier is housed in the concrete block building
in the foreground,

Additional design information on electrical pre-
cipitators has been presented in Chapter 4.
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Figure 180. Cupola controlled by radiation convection coolers and baghouse (Alhambra Foundry
Company, Alhamhra, Calif.).

Cupola data

Size, 45-1n. D [ron - coke ratio, 8:1
Flue gas vol, 7,980 scfm Flue gas temp, 1,8750 to 2, 1500F
Tuyere air, 3,450 scfm Charging rate, 20,200 Ib/hr

Gas conditioner data

Radiation and ccnvectiug type Gas vol (inc! recirculation), 16,100 scfm
Cooling area, 10,980 ft Size, 16 col 42-in. dia x 42-ft. H
Log mean temp diff, B70°F Inlet gas temp, 1,0300F

Heat trans coef, 1.59 Btu/hr-ft2 per°F  Qutlet gas temp, 4040F

Baghouse data

Tuhular and compartmented type Collection efficiency, 99+%

Inlet gas volume, 13,100 cfm Tube size, 11-1n. dia x 180-in. L
Filter area, 4,835 ft2 Inlet gas temp, 404°F

Filter media, silicone glass Filtering velocity, 2.7 fpm
Shaking cycle, 90 min (manual by Pressure drop, 3 to 4 in. WC

compar tment)

[llustrative Problem Example 27
Given:
followir ampl f the fact ;
The following exl mple Sha\vs some O e factors & Bp<hnis I cnpota
that must beconsideredindesigming a control sys-

tem for a gray iron cupola furnace (Figure 182). Charging door area, 4,5 ft
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Figure 181. Photograph of an electrical precipitator preceded by a water spray conditioning chamber
vented cupola and afterburner not shown (Alabama Pipe Company, South Gate, Calif.).

Cupola data
Size, 42-in. |D Flue gas temp, 4000 to 1,4000F
Flue gas vol, 8,700 scfm fron - coke ratio, 9.2:1
Tuyere air, 3,000 cfm Charging rate, 14,000 Ib/hr

Afterburner data
Type of structure--an unused cupofa furnace converted by the installation
of four premix gas hurners with full modulating temperature controls to
maintain 1,100°F minimum outlet temperature. Fuel input, 10 million Btu/hr

maximum
Gas conditioner data
Evaporator cooler type Gas temp inlet, 1,1009F min.
Water rate, 75 gpm (max) Size, 10-ft 6-in, dia x 23-ft B-itn. length
Electrical precipitator data
Type, expanded metal No. of sections, 2 in Series
Coltecting electrode, size, 17 ft Size, 23 ducts B-3/4 in. x 17 it & in.
sl f (R OO ) x 9 ft
Discharge electrode, 0.109-in. dia Average gas temp, 4300F
Gas volume, 20,300 scfm % Moisture (n flue gas, 15%
Dutlet dust loss, 0.0353 gr/'scf Overall efficiency, 96.6
Tuyere air, 1,810 seim Assume a closely coupled unit from the cupola to

the evaporative cooling chamber and an insulated
duct between the evaporative cooling chamber and
the baghouse.

Minimum incineration temperature (o be main- Assume the effluent gases have the same proper-
tained at cupola outlet, 1, 200°F. ties as air, (Consideration of the enthalpies and

Maximum gas temperature at cupola outlet,
2,000°F
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EFFLUENT GAS TEMP

MAX = 2,0000F
NIN = 1,2009F  WATER SPRAY
CONDITIONING
EVAPORATIVE
\\\ PUNSES COOLING WATER =
AFTERBURNER ’//
L~
WAX INPUT = 7 n 1
MAX INPUT = 500 cfh
FILTER -——(f] FAN
= CHARG NG uun% AREA- 7
AREA = 4.5 f1
: BAGHDUSE INPUT
INDRAFT VEL = 200 fgm e g o
“TUYERE AR = 1,810 scim
CUPOLA
FURNACE

Figure 182.

Control system for & pray iraon

cupola furnace.

specific heats of the gaseous constituents in the
effluent gas stream will show that this is an ac-
curate assumption, Any corrections would inlro-
duce aninsignificant refinementtothe calculations
when considered with respect to the accuracy of
other design factors.)

Problem:

Determine the design features of an evaporative
cooling systermn and a baghouse to serve the cupola,

Solution:

1.

Volume of gases from tuyeres = 1,810 scfm
or 139.3 1b/min

Heat required from afterburner to raise tem-
perature of tuyere air products of combustion
froman assumed low of 500°F to a minimum
incineration temperature of 1, 200°F:

287.2 Btu/lb

Enthalpy of gas (1,200°F)
(see Table D3 in Appen-
dix D)

Enthalpy of gas (500°F)
Ah

106.7 Beu/1b
180.5

(139. 3)(180. 5) = 25.150 Btu/min

3.

Heat required from afterburner to raise charg-
ing door indraft air from 60° to 1,200°F:

Assume a charging door indraft velocity of
200 fpm, which will be adequate to ensure an
indraft of air at all times.

Charge door indraft volume =
900 scfm or 69,3 lb/min

(4,5)(200) =

Enthalpy of gas (1,200°F) = 287.2 Btu/lb

Enthalpy of gas (60°F) = 0
Ah =

(69.3)(287.2) = 19,900 Btu/min

Total heat to be supplied by afterburner:

Heat to tuyere air = 25,150 Btu/min
Heat to charge door

indraft volume

19,900 Btu/min
45,050 Btu/min

Total

Required natural gas volume capacity ol after~
burner to supply 45, 050 Btu/min:

Heating value of gas = 1,100 Btu/ft"

Heat available at 1, 200°F, from the burning
of 1 ft3 of gas with theoretical air = 721.3
Btu/ft3 (see Table D7 in Appendix D)

45, 050

721.3 = 62.4 cim

Volume of products of combustion from after-
burner:

With theoretical air, 1 ft3 of gas yields 11.45
ft3 of products of combustion (see Table D7
in Appendix D)

(62.4)(11.45) = 715 cfm

Total volume of products to be vented from
cupola, scfm:

Volume from tuyere air = 1,810
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Volume for charge door Volume of products from
indraft - 900 cupola = 3,425 szfm
Volume from afterburner = 715

VO] me D[‘ ev‘!pcr‘atsd
3, A25 SCfIT'l ; . B
Coolulg water = I, .!86 Cfm (225 F }

or 264 1b/min

(3,435)(%11—4%@) + 1,586 = 6,106 cfm
8. Volume of vented gases at 1, 200°F: 3

1,200 + 460\ 14, Ductdiameter between spray chamber and
(3,425 | =————) = 10, 900 efm
' 60 F 460 : haghouse:

Use design velocity of 3, 500 {pm
9. Duct diameter from cupola exit to evapora-
tive chamber:
6, 106 o e
e 2 P TS
Use design velocity of 3,500 fpm 3,500

.« Use an 18-in.-dia, duct

! 10, 900 2
D i =g = = * s
uct cross-sectional area 3,500 .12 1t 15. Required filter area of baghouse:

"+ Use 24-in,-dia, duct y d i
Design for a filtering velocity of 2 fpm

10. Cooling required to reduce temperature of

vented products from cupola from 1,200° 6,106 = 3 153 ftZ
;05
to 225°F; 2
Baghouse inlet design temperature taken as During burndown, the cupola dischargg gases
EENTH will increase in temperature to 2, 000°F and

the afterburner input will be reduced to the
low [ire settling at an input of 500 ft3 of gas

39.6 Btu/lb perhr (8,33 c¢fm), Calculations will be made
247. 6 Btu/lb l.m'der this new npera?tzng condition to deter-
mine whether the previously calculated values
for ductsizes, evaporative water quantity, and
filter area are compatible.

Enthalpyofgas at 1,200°F = 287, 2 Btu/lb

13

Enthalpy of gas at 225°F
Ah

1

(264)(247.6) = 65,300 Btu/min

16, Volume of products of combustion from af-

11, Water to be evaporated to cool vented gas ferhupnen:

products from 1, 200° to 225°F:
(3.330(1145) = 95,49 ek
Heat absorbed per 1lb of water:

17, Total volume of products to be vented from

Q= hg (225°F, 14.7 psia) - h (60°F) cupola
= 1,156.8 - 28.06 = 1,128, 74 Btu/lb HZO Volume from tuyers air = 1,810
65, 300 - 58.01b H.O/min Volume from charge door indraft = 900
1,128.74 2
Volume from afterburner = 95,5
12, Volume of evaporated cooling water at 225°F: 2: 805, Bacti
v = 27.36 £t /1B H,0 (14.7 psia, 225°F) or  2l61b/min
(58.0)(27.36) = 1,586 ctm 18, Volume of vented gases at 2, 000°F:
13. Total volume of products vented from spray 2,000 £ 460
)= = 13,280 cf
chamber: (280550 "¢+ a0 Rt
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3.

20.

Fbi

22.

23,

24,

Gas velocity betweea capola and spray cham-
ber whenusing 24-in, duct from calculation 9:

13,280
— | i
3142 4,230 fpm

Velocity is greater than necessary but not
excessive.

Cooling required to reduce temperaturs of
vented producis from cupola from 2, 000°
to 225°F:

Enthalpy of gas at 2, 000°F = 509, 5 Btu/lb

Enthalpy of gas at 225°F = 39,6 Btu/lb
Ah = 469.9 Btu/lb

(216)(469.9) = 191, 300 Btu/min

Water to be evaporated to cool vented gas
products from 2,000° to 225°F:

Heat ahsorbed per lb of water =
Btu/lb (see calculation 11)

1,128, 74

101, 300
et e L £ 1) B 2 = WM i
1,128.74 =7 pareity
Thisis greater than that determined in cal-
culation 11 and must therefore be {aken as
the design value.

Volume of evaporated cooling water at 225°F:

b a—

3
27.36 it /1b HZO (14, 7 psia, 225°F)

(20)(27,36) = 2,460 cfm

Total volume of products vented [rom spray
chamber:

Volume of products from

cupola = 2,805,535 scfm

Volume of evaporated
cooling water = 2,460 cfm (225°F)

225 + 460

(2,305.5]( T )+ 2,460 = 6, 160 cfm

Gas velocity between spray chamber and bag-
house using 18-in, duct from calculation 14:

6, 160
_ e - g%
1. 767 SR

Velocity is comparable with design value of
3,500 fpm

25, Filteringvelocityusing filter area from cal-

culation 15:

6,160

e -t SRS

T 053 ° 2.02 Ipm
This ratio is in agreement with a filtering
velocity of 2 fpm

26. The exhanstsystem and fan calculations are
made as outlined in Chapter 3. After a sys-
tem resistance curve has been calculated and
plofted, afanis sclected whose characteris-
tic curve will intersect the system curve at
the required air volume, which for this ex-
ample would be 6, 160 cfm.

Problemmnote: This example problem illustrates
typical calculations that can be followed in de=
signing a cupola control system. Each installa-
tion miust be evaluated separately, coasidering
expected maximum and minimum temperatures,
gas volumes, duct lengths, and so forth, Tor
example, this problem was patterned alter a small
cupola where the charging door remains open,
Forlarge cupolas, opening and closing the charg-
ing doors must be evaluated relative to its effect
upongas volumes and temperatures. If duct runs
are long, the radiation-convection losses may be
worlh considering. The sizing of the fan motor
depends upon the weight of gas moved per unit
time, Thisinturndepends uponthe deasity (con-
sidering air, water vapor, and temperature) of
the gas stream. Theseitems are taken into con-
sideralion in making the exhaust system resis-
tance calculations. It may be necessary to re-
duce the system's airflow by dampering in order
to prevent overloading of the fan motor when mak-
ing a cold startup under ambient conditions. See
Chapter 3 for design parameters for cooling of
effluent gas stream with radiation-convection
cooling columns. Since the temperature of the
effluent gas stream {rom the cupola will fall in
the rangs of 1,200° to 2,000°F,the duct connect-
ing the cupola and water spray conditioning cham-
ber should be made of stainless steel or be re-
fractory lined,

ELECTRIC-ARC FURNACES

Electric-arc furnaces are commonly used in the
secondary melting of iren where special alloys
atre To be made. These luranaces may be either
The direct- or indirect-arc type. Pig iron and
scrapironarecharged tothe furnace and melted,
and alloying elements and fluxes are added at
specified intervals, These furnaces have the ad-
vantage of rapid and accurate heat control.
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The Air Pollution Problem

Since no gases are used in the heating process,
someundesirable effects on the metal are elim-
inated. Since arc furnaces in the iron industry
are virtually always used to prepare special al-
loy irons, the quality of the material charged is
closely controlled. The charging of greasy scrap,
which would emit combustible air contaminants,
would only needlessly complicate the alloying
procedure. Afterburnersars, therefore, rarely
required in conjunction with arc furnace opera-
tions, The emissions consist, primarily, of
metallurgical fumes and can be controlled by
either a baghouse or an electrical precipitator,
The emission rates from electric-arc [urnaces
varyaccording tothe process from 5 to 10 pounds
per ton of metal processed,

Hooding and Venfilation Requirements

Direct-arc furnaces for melting gray iron pre-
sent a unique and difficult problem ol hooding.
The hood's geometry and the indraftvelocity must
be designed to ensure virtually complete collec-
tion of the emissions lrom the furaace, Hood de-
sign varies considerably for different furnaces.
Furnaces aremost successfully hooded by build-
ing the hood into the cover or top of the furnace,
This, of course, means designing an air cham-
ber or compartment above the furnace roof and
providing a duct connection to the chamber so
thatthe collected contaminants may be vented lo
the control device. Since direct-arc furnaces
receive only a limited use for melting cast iron,
generalizing aboul the ventilation requriements
is difficult; however, 5,000 to 7, 500 cim per ton
of production appareatly yields a reasonable de-
gree of dust and fume capture. To be most efl-
fective, the wventilation air exhausted from the
furnace should also be available to the furnace
hood during periads of tapping and charging the
furnace, This means thatsome type of telescop-
ing ductwork or slip-connection duciworlk mnst
form the connection between the control device
and the hood., Figure 183 illustrates an adjust-
able~type hood used with a baghouse venting rock-
ing-arc furnaces. The hood is positioned by

means ol a telescoping connection that is me-
chanically controlled. In the right foreground of
the photograph, the hood is shown lowered into
position with the furnace in operation, while in
the left background, the hood is shown raised [rom
the furnaceto [acilitate charging and furnace ac=-
cess,

Air Pollution Control Equipment
Baghouse dust collectors

Elaborate lacilities for cooling the effluent gas
stream from an electric furnace may nol be nec-

essaryfortworeasons: (1) No produacts of com-
bustion result from the burning of fuel, and (2)
canopy-type or roof-type hoods are generally
used, Thus, the volume of the elfluent gas stream
1s low, and the ventilation air dravwn in at the hood
provides cooling. As with cupola baghouses, a
filtering velocity of 2-1/2 fpm should not be ex-
ceeded and a shaking mechanism and compart-

mentation must be provided.

Electrical precipitators

As in the case of baghouse dust collectors serv-
ing electric-arc furnaces, no elaborate facili-
ties are necessary for cooling the effluent gas
stream from an electric furnace vented to an
electrical precipitator, thoughthe design humid-
ity and temperature of gases entering the elec-
trical precipitator must be met. This may re-
quire water spray sections or afterburner devices
toheatand humidify the gases vented Lo the pra-
cipitator,

INDUCTION FURNACES

Core-type electric-induction furnaces are also
used for melting cast iron. In this type of fur-
nace, alternating currentis passed througha pri-
mary coil with a solid iron core., The molten
iron coafained within a loop that surrounds the
primary coil acts as the secondary, The alter«
nating current that flows through the primary
induces a current in the loop, and the electrical
resistance of the molten metal creates the heat
for melting, The heated metal circulates to the
main furnace chamber and is replaced by conler
metal, This circulation results in uniform metal
temperature and alloy composition,

The electric-induction [urnace generates con-
siderably smaller amounts of air contaminants
than the cupola or electric-arc furnace does; the
amount is mainly dependent upon the condition of
the metal charged, When pigironand clean cast-
ing returns are charged, no air pollution control
eguipment is necessary for ordinary melting.

Contaminated scrap or the addition of magnesium
for manufacturing ductile iron would, however,
necessitate air pollution control equipment. In
cases such as these, design requirements for a
baghouse control system with canopy-type hood-
ing are the same as later described in this chap-
ter for coreless induction furnaces for steel melt-
mg.

REVERBERATORY FURNACES

Small reverberatory [urnaces are also used in
preparing gray and white cast iron alloys. If
clean metal is charged to these furnaces, no ex-
cessive air pollution results fromtheiruse, Fig-
ure 184 shows a small, gas-fired, reverberatory
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Figure 183. Rocking-arc furnaces venting through adjustable hoods to a baghouse
(Centrifugal Casting Company, Long Beach, Calif.).

Frgure 184, Gray iron reverberatory furnace (Pomona Foundry, Pomona, Calif.).

Reverberatory furnace data

Rated capacity, 1,000 1b Typical charge, 300 |b pig iron, 500 Ib
Fuel, natural gas scrap iron, 200 |b foundry returns,
Furnace flue pases, calculated at 2 |Ib soda ash
6,100 cfm at 2, 850°F Melting rate, 750 |b/hr
Pouring temp, 2,700°F Fuel rate, 4,200 ft3/hr
Test data
Gas volume at hood, 5,160 scfm Average gas temp, 775°F

Dust loss in gr/scf, 0.00278 Loss in Ib/hr, D.13
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furnaceusedina grayironfoundry. Test results
made upon a furnace of this typa, rated at 1, 000-
pounds capacity, while it was melting clean scrap
iron and pig iron, showed a particulate loss %o
the atmosphere of 0,00278 grain per standard
cubic foot, or 0. 14 pound per hour. Because of
this low rate of particulate discharge, no air pol-
lution control devices have been found necessary
for the operations conducted in this type of fur-
nace melting iron.

SECONDARY BRASS- AND BRONZE-
MELTING PROCESSES

Copper when alloyed with zinc is usually termed

brass, and when alloyed with tinis termed bronze,
Other copperalloys are identified by the alloying

metals such as aluminum bronze and silicon

bronze. The true bronzes should not be con-

fused with some other common classifications of

bronzes, which are actually misnomers, For

example, "commercial bronze' is a wrought red

brass, and '"manpanese bronze' is a high-zinc

brass. Because of high strength, workability,
corrosion resistance, color, and other cesirable

physical characteristics, the copper-base alloys

have [found wide use for hardware, radiator cores,
condensers, jewelry, musical instruments, plumb-
ing fittings, electrical equipment, ship propel-

lers, and many other devices.

The remelting of nearly pure copper aad bronze
does not have great interest from the standpoint
of air pollution since only small amounts of metal
are volatilized, This is due to the high boiling
points of copper and tin (above 4, 000°F) and their
lownormal pouring temperatures of about 2, 000°
to 2,200°F. With good melting practice, total
emissions to the air should not exceed 0.5 per-
cent of the process weight. The brasses contain-
ing 15 to 40 percent zinc, however, are poured
at temperatures near their boiling points (about
2,200°F), and some vaporization or combustion
of desirable elements, particularly zinc, is in-
evitable. Emissions into the air may vary from
less than 0. 5 percent to 6 percent or more of the
total metal charge (St. John, 1955) and 2 to 15
percent of the zinc content through fuming (Allen
et al., 1952), depending upon the composition of
the alloy, thetype of furnace used, and the melt-
ing practice.

FURNACE TYPES

Brass and bronze shapes for working, such as
slabs and billets, are usually produced in large
gas-and oil-fired furnaces of the reverberatory
type. Mostoperators of secondary smelters also
use this type of furnace for reclaiming and re-
fining scrap metal, ordinarily casting the puri-
fied metal into pigs. Brasses and bronzes used

fomake commerzial castings are usually melted
inlow-frequency induction furnaces in the larger
foundries and in crucible-type, fuel-fired lur-
naces inthe smaller job foundries. Electric fur-
naces, hoth arc and induection, are also used [ar
castings, Generalizing in regard to the asas of
various furaaces is difficult, since foundry prac-
tices are variable. A comparison of emissions
fromwvarious types of furaaces is given in Table
50.

The Air Pallution Problem

Air coalaminants emitted from brass furnaces
consist of products of combustion from the fuel,
and particulate matter in the form of dusts and
metallic fumes. The particulate matter com-
prising the dust and fume load varies according
tothe fuel, alloy composition, melting tempera-
tare, type of [lurnace, and many operating {actors,
Inadditionto the ordinary solid particulate mat-
ter, such as fly ash, carbon, and mechanically
produced dust, the furaace emissions generally
contain fumes resulting [rom condensation and
oxidation of the more volatile elements, includ-
ing zinc, lead, and others.

As was previously mentioned, air pollution re-
sulting from the volatilization of metals during
the melting of nearly pure copper and hronze is
not too serious because of the high boiling -point
temperatures of copper, tin, nickel, aluminum,
and even lead commonly used in these alloys,
Alloys containing zinc rangingupto 7 percent can
be successfully processed with a minimum of
fume emission whena cohesive, inert slag cover
isused, This nominal figure is subject to some
variation depending upon composition of alloy,
temperatures, operation procedures, and other
factors, Research is still necessary to deter-
mine the full range of effects these variables
have upon the emission rate.

Copper-base alloys containing 20 to 40 percent
zinc have low boiling points of approximately

2,100°F and melting temperatures of approxi-
mately 1,700 tol, 900°F.These zinc-rich atloys
are poured at approximately 1,900° to 2,000°F,
which is only slightly below their boiling points,
Pure zinc melts at 787°F and boils at 1, 663°F,
Evenwithinthe pouring range, therefore, frac-

tions of high-zinc alloys usually boil and flash to
zinc oxide (Allen et al., 1952), The zinc oxide
formed is submicron in size, and its escape to
the atmosphere canbe prevented only by collect-
ing the fumes and using highly efficient air pol-
lution control equipment.

Characteristics of emissions

Perhaps the best way to understand the difficulty
of controlling metallic fumes from brass fur-
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Table 80, DUST AND FUME DISCHARGE FROM BRASS FURNACES
)] ~ x n i

[y Lhmgasibmn of attey; % Type of Pouring Procvess wi,| Fumwe emission

tarmace | CGul Zn | Pl _I Sn Other contraol Fraol temp, F Ib/hr 1b/hr y
Ruoliry 5= | 5 5 a - None (Wil N ditla I, 104 225
Rotary 76 [14.7| 4.7 3.4 | 0.67 Fe|None i No data 3,607 25
Rolary 85 | & 5 5 - Slag cover | Ol No dala 1,165 T
Elec ind 60 (38 2 - - None Elevt | No dala 1,530 3.47
Elee ind 71 |28 = 1 L Nopne Elect | No data 1, 600 0.7
Elec ind 71 |28 - i - Mone Elect | No data 1,500 0. 54
Cyl reverb |87 | 4 0 5,4 | Ovb Naone 0il No data 273 2.42
Cyl reverh|77 | - I8 5 - None Ol 2, 100 1,267 26. 1
Cyl reverb |80 | - 13 ¥ - Slag cover Ol 2,100 1,500 i
Cyl reverb |80 | 2 10 % - MNone il 1,900 to 2, 100 1. 250 10.9
Crucible 65 |35 = = = None Gas 2, 100 470 2.67
Crucible G0 |3 | e Tl None Gas 1,800 108 0. 05
Crucible 77 (12 6 3 2 Slag cover |Gas No tata 500 0.822

naces isto consider the physical characteristics
ofthese fumes. The particle sizes of zinc oxide
fumes vary from 0.03 to 0, 3 micron. Electron
photomicrographs of these fumes are shown in
Figures 185 and 186, Lead oxide [umes, emitted
from many brass alloys, are within this same
range of particle sizes., The collection of these
very small particles requires high-elficiency
controldevices. Thesemetallic fumes also pro-
duce very opaque effluents, since particles of
0.2-to 0. 6-microndiameter produce a maximum
scattering of light,

In copper-base alloy foundries, as much as 98
percent of the particulate matter contained in fur=-
nace stack gases maybe zinc oxide and lead oxide,
depending upon the composition of the alloy. A
series of tests (Allenetal., 1952) in Los Angeles
County indicated the zinc oxide content of fume

from representative red and yellow brass fur-

naces averaged 59 percent, while the lead oxide con-

tent averaged 15 percent, Other tests by the
same investigators showed thatthe dust and fume
loading from red and yellow brass furnaces varied
from 0,022 to 0,771 grain per cubic foot with an
average of 0,212 grain per cubic foot at stack
conditions.

Inhigh-lead alloys, these tests showed that lead
oxide constituted 56 percent of the particulate
matter in the exit gas, Lesser constituents of
fumes, such as tin, copper, cadmium, silicon,
and carhon, may also be present in varying
amounts, depending upon the composition of the
alloy and upon foundry practice,

[nvestigations prove conclusively that the most
troublesome fumes consist of particles ol zinc
and lead compounds submicron in size, and that

air pollution control equipment capable ol collect-
ing particulate matter from 1.J down to about
0.03 micron is reguired. Photomicrographs of
samples taken whea furnace emissions were heavy
with smoke resulting from improper combustion
ormelting ol oily scrap indicated that the smolke
particles accompanying the fumes may be about
0.01 micron and smaller (Allen et al., 1952).

Factors causing large concentrations of zinc
fumes

Four principal factors (Allen etal., 1952) causing
relatively large concentrations of zinc fumes in
brass [furnace gases are:

1. Alloycomposition, The rate of loss of zinc
is approximately proportional to the zinc per-
centage in the alloy.

2. Pouring temperature. For a given percen-
tage of zinc, an increase of 100°F increases
the rate of loss of zinc about 3 times,

3. Typeoffurnace. Direct-firedfurnaces pro-
duce larger fume concentrations than the cru-
cible type does, other conditions being con-
stant, The Los Angeles Nonferrous Found-
rymen's Committee, 1948 stated, "I is im-
probable that any open-flame furnace melting
alloys containing zinc and lead can be oper-
ated without creating excessive emissions.
Itis conceded that anyone choosing to operate
that type of furnace will be required to in-
stall control equipment, "

4, Poorfoundrypractice. Excessive emissions
result from improper combustion, overheat-
ing of the charge, addition of zinc at maxi-
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mum furnace temperature, flame impinge-
ment upon the metal charged, heating the
metal charged, heating the metal too fast,
and insufficient [lux cover. Excessive super-

heating of the molten metal is to be avoided
for metallurgical and economic as well as
pollution control reasons, From an air pol-
lution viewpoint, the early addition of zinc is
preferable to gross additions at maxitmum
furnace temperatures,

Inany fuel-fired furnace, the internal atmosphere
is of prime impartance since there exists a con-
stant [low of combustion gases through the melt-
ing chamber, more or less in contact with the
metal, A reducing atmosphere is undesirable
from both the mctallurgical and air pollution view -
points. With too little oxygen, the metal is ex-
posedto a reducing atmosphere of uaburned fuel
and water vapor, which usually results in gassy
metal, Incomplete combustion, especially with

‘:N\-r:- L
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Figure 185. Electron photomicrographs of fume from zinc smelter (Allen et al., 1352).
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Figure 186. Electron photomicrographs of fume
from a yellow brass furnace (Allen et al., 1952).

oil firing, produces smoke and carbon. 1In one
case, a furnace was operated with a fuel mix-
ture so rich that incandescent carbon (rom the
fuel ignited the cloth filter bags in the baghouse
serving the furnace. To prevent these difficul-
ties, the atmosphere should be slightly oxidiz-

ing., Excess oxygen content should be greater
than 0, 1l percent; otherwise, castings will be af-
fected by gas porosity. Conversely, the excess
oxygen content must be less than 0.5 percent to

prevent excessive metal oxidation (5t. John, 1955),
The need for such close control of the internal
furnace atmosphere requires careful regulation
of the fuel and air input and frequent checking of
the combustion gases,

Crucible furnace--pit and tilt type

The indirect-fired, crucible-type furnace is usead
axtensively in foundries requiring small- and
medium-sized melts, The Jift-out-type crucible
is frequently employed in small Turnaces. Tests
have demonstrated that, with careful practice
and use of slag covers, the crucible furnace is
capable of low-fume operation withia the legal
limits for red brasses containing as much as 7
percent zinc., A slag cover does nol sufficient-
ly suporess the emissions fromalloys with a zince
content in excess ol 7 percent unless very low
pouring temperatures are used.,

The slag cover, consisting mainly of crushed glass
isnotusedas a true refining {lux but as an inert,
cohesive slag of sufficient thickness to keep the
molten metal covered. If the quantity of slag is
carelully controlled, a minimum of emissions
results from either melting or pouring. A slag
thickness of 1/4 to 3/8 inch is recommended.
Before any metal is added to the crucible, the
flux should be added so that, as melting takes
place, a cover is formed ol sufficient thickness
to keep the molten metal divorced [rom the at-
mosphere.

When the crucible of molten metal has reached
the pouring floor, two holes are punched in the
slag cover on top of the metal, one through which
the metal is poured, the ather to permit the en-
trance of air (Haley, 1949). Holding escaping
oxides to a minimum is possible zither by using
patented attachments to hold back the slag at the
pouring sprie orusing a hand-operated skimmer,

Electric furnace--low-frequency induction type

The low-frequency, induction-Lype furnace has a
number of desirable characteristics for melting
brasses, The heating is rapid and uniform, and
the metal temperature can be accurately con-
trolled. Contamination from combustion gases
is completely eliminated, High-frequencyinduc-
tion furnaces are well adapted to copper- and
nickel-rich alloys but are not widely used for
zine-rich alloys. Low-frequency induction fur-
naces are more suitable for melting zinc-rich
alloys. During melting of clean metal, use of a
suitable flux cover over the metal prevents ex-
cessive fuming except during the back charging
and pouring phases of the heat, The usual flux
covers--borax, soda ash, and others--are de-
structive to furnace walls, but charcoal is used
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with satisfactory results. During the test out-

lined in Table 81, case C, two-thirds of the total
fumes were released during the pouring and charg-
ing periods. A furnace, similar to that tested,
is shown in Figure 187.

Cupola furnace

The cupola furnace is used [or reduction of cop-
per-base alloy slag and residues. The residues
charged have a recoverable metallic content of
25to 30 percent. The balance of the unrecover-
able material consists of nonvolatile gangue,
mainly, silicates. In addition to the residues,
coke and (lux are charged tothe furnace. Period-
icallythe recovered metal is tapped from the fur-
nace. The slag produced in the cupola is elim-
inated through a slag tap located slightly above
the metal tap.

Inaddition to the usual metallic fumes, the cupo-
la also discharges smoke and fly ash. Collec-
tion of these emissions is required at the cupola
stack, the charge door, and the metal tap spout.
With no control equipment, emissions of 60 to
100 percent opacity can be expected from the
chargedoor and stack. The opacity of the fumes
emitted from the metal tap varies from 60 to 80
percent,

The slag discharged from the cupola is rich in
zinc oxide. Although the slag leaves the furnace
at a temperature of approximately 1, 900°F, the
zinc oxide is in solution and, at this tempera-
ture, does not volatilize to any extent, The dis-
charge slagis immediately cooled by water, The
emissions from the slag-tapping operation rarely
exceed 5 percent opacity,

Hooding ond Ventilation Requirements

Regardless of the efficiency of the control device,
air pollution control is not complete unless all
the lumes generated by the furnace are captured.
Since different problems are encountered with the
various types of furnace, each will be discussed
separately.

Reverberatory furnace--open-hearth type

Ina reverberatory open-hearth furnace, the prod-
ucts of combustion and metallic fumes are nor-
mally vented directly from the furnace through
a cooling device to a baghouse. Auxiliary hoods
are required over the charge door, rabble (or
slag)door, and tap hole. These may vent to the
baghouse serving the furnace and hence cool the
hot combustion gases by dilution or may vent to
a smaller auxiliary baghouse.

Table Bl. BRASS-MELTING FURNACE AND BAGHOUSE COLLECTOR DATA
Case A B C
Furnace data

Type of furnace Crucible Crucible | Low-frequency induction
Fuel used Gas Gas Electric
Metal melted Yellow brass Red brass| Red brass
Composition of metal melted, %
Copper 70,6 85.9 82.9
Zinc 24.8 3.8 3.5
Tin 0.5 4.6 4.6
Lead 3.3 4.4 8.4
Other 0.8 1.3 0.6
Melting rate, lb/hr 388 343 1,600
Pouring temperature, °F 2,160 2,350 2,300
Slag cover thickness, in, 1/2 1/2 3/4
Slag cover material Glass Glass Charcoal
Baghouse collector data
Volume of gases, cfm 9,500 9,700 1,140
Type of baghouse Sectional Sectional | Sectional
tubular tubular tubular
Filter material Orlon Orlon Orlon
Filter area, it 3,836 3,836 400
Filter velocity, fpm 2.47 Z2:55 2.85
Inlet fume emission rate, lb/hr 2.55 1.08 di2e
Outlet fume emission rate, lb/hr 0,16 0. 04 0. 086
Collection efficiency, % 93,7 96,2 96.0

ncludes pouring and charging operations.
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Figure 187. Low-frequency induction furnace with fixed hood.

Whether the auxiliary hoods vent to the lurnace
baghouse or toa separate {ilter, the furnace burn-
ers should be turned down or off during periods
when the furnace is opened for charging, rab-
bling, air lancing, removing slag, adding metal,
or pouring metal, Otherwise, the exhaust (an
may not have sufficienl capacity to handle the
products of combustion and the additional air re-
quired to capture the fumes, Since no two of
these operations occur simultaneously, the re-
quired air volume for collection may be reduced
bythe use of properly placed dampers within the
exhaust system,

If the entire furnace charge is made at the begin-
ning of the heat, the metal should be loaded in
such a way that the flame does not impinge di-
rectly upon the charge. II periodic charges are
made throughout the heat, the burners should be
turned off during charging operations. The apac-
ity of escaping [umes may vary {rom none to 15
percent with the burners off and may be 60 to 70
percent with the burners ignited.

Well-designed hoods, properly located, with an
indraft velocity of 100t0 200 fpm, adequately cap-
ture the furnace emissions. If the hood is placed
too high for complete capture or is improperly
shaped and poorly fitted, higher indraft velocities
are required.

The rabble or slag door permits (1) mixing the
charge, (2) removing slag from the metal sur-
face, and (3) lancing the metal with compressed
air to eliminate iron [rom the metal when re-
quired by alloy specifications. Emissions from
the furnace may be of 50 to 90 percent opacity
during these operations, even with the burners
partially throttled., Again, 100 to 200 fpm in-
draft velocity is recommended for properly de-
signed hoods.

Generally, alter the slag has been removed, metal,
usually zinc, must be added to bring the brass
within specifications, The furnace metal is at a
temperature well above the boiling point of zinc
and is no longer covered by the tenacious slag
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cover. Hence, voluminous emissions of zinc
oxide result. The addition of slab zinc produces
100 percent opaque fumes in great quantity, while
a brass addition may generate fumes of 50 per-
cent opacity, A well-designed hood is required
over the charge door or rabble door, through
which the metal is charged.

Perhaps the most critical operation from the
standpoint of air pollution occurs when the fur-
nace is tapped. Nearly continuous emissions ol
9010 100 percent opacity may be expected. Much
planning is required to design a hood that com-
pletely captures the emissions and yet permits
suflicient worliing room and visibility of the mol-
ten metal, Again, the burners should be turncd
off or throttled as much as possible to reduce the
quantity of fumes emitted.

The fluxes used in reverberatory furnaces nor-
mally present no air pollution problems. Gen-
erally, only nonvolatile fluxes such as borax,
soda ash, and iron oxide mill scale are used.

Reverberatory furnace--cylindrical type

Cylindrical-type reverberatory furnaces present
all the collection problems of the open-hearth
type with the additional complication of furnace
rotation, The cylindrical furnace may be ro-
tatedupto 90° for charging, slag removing, and
metal tapping. Withhoods installed in fixed posi-
tion, the source of emissions may be several feet
from the hood, and thus no lumes would be col-
lected. Either ahood attached to the furnace and
venting to the controldevice through (lexible duct-
work, oranoversized close-fitting hood covering
all possible locations of the emission source is
required, A close-[itting hood and high indrafl
velocities are often necessary, For example,
an auxiliary hood over the combination charge
and slag door of a cylindrical brass furnace was
incapable of collecting all emissions, despite an
indraft velocity of 1,370 fpm. A similar hood
over the pouring spout was also inadequate, de-
spite an indraft velocity of 1, 540 fpm. Bothhoods
were improperly shaped and were located too high
above the source l[or adeguate capture,

A cylindrical furnace rotates on its longitudinal
axis, and a tight breeching is mandatory at the
gas discharge end of the [urnace. Adequate in-
draft velocity must be maintained through the
breeching connection to prevent the escape of
fumes.

The exhaust system for the cylindrical furnace, as
well as [or all types of reverberatory furnaces,
must be desigried to handle the products of com-
bustion at the maximum f[uel rate, Any lesser
capacity results in a positive pressure within the

234-767 O =77 - 20

lurnace during periods ol maximum firing with
resultant emissions from all furnace openings.,

Reverbc:ratory furnace——tilti_ng type

The tilting-type furnace differs from the rever-
beratory furnaces previously discussed in that
the exhaust stack is an integral part of the fur-
nace and rotates with the furnace during charg-
ing, skimming, and pouring. One type of tilting
furnaceis charged through the stack, and skim-
ming and pouring are accomplished through a
small tap hole in the side of the furnace. Another
type has a closeable charge door, and a small
port through which the furnace gases escape.
These two furnace openings may describe a full
180® of arec during the various phases of a heat.

The wide range of position of the sources makes
complete capture of the fumes difficult. One suc-
cessful system utilizes a canopy hood, with side
panels that completely enclose the furnace. Clear-
ance for working around the furnace is providerd
and a2 minimum indraft velocity ol 125 [pim is re-
quired for this epening. This velocity provides
complete capture of the emissions unless a cross-
draftof 50 to 200 fpm prevails within the furnace
room, in which case an estimated 10 percent of
the fumes within the furnace hood escape from
beneaththehood. This condition is corrected by
suspending an asbestos curtain [rom the wind-
ward side of the heood to the [loor,

Reverberatory lurnace--rotary tilting type

The rotary-tilting-type of furnace not only tilts
for charging and pouring but rotates dur'ng the
melting period to improve heat transfe~. Twa
types are common. One is charged through the
burner end and is poured from the exhaust port
ol the furnace, opposite the burner, The other
has a side charge door at the center of the fur-
nace through which charging, slagging, and pour-
ing operations are conducted.

Because ol the various movements of this type of
furnace, direct conneclion to the control device
is not feasible. The furnace is under positive
pressure throughout the heat, and fumes are emit-
ted through all furnace openings.

Hooding a rotary-tilting-type reverberatory fur-
nace for complele capture of fumes is difficult,
and complete collection is seldom achieved.

These furnaces are undoubtedly the most diffi-
cult type of brass furnace to control. To hood
them effectively requires a comprehensive de-
sign, The major source of emissions occurs at
the furnace discharge. Capture of fumes is ac-
complished by a hood or stack placed approxi-
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mately 18 inches from the furnace. This clear-
ance is necessary to allow sufficient room for
tilting the furnace for pouring. A minimum in-
draft velocity of 1,750 fpm is usually required,
Although this method controls the emissions dur-
ing the melting phase, capturing the dense fumes
generated during the pour is difficult,

Hooding is sometimes installed at the burner end
of a furnace to capture emissions that may escape
from openings during melting, or particularly
during the time the furnace is tilted to pour. Be-
cause both ends of the furnace are open, a venting
action is created during the pour, causing fume
emissions tobe discharged from the elevated end
ofthe furnace, Close hooding is not practicable

o

AT T
-

becausethe operator must observe the conditions
within the furnace through the open ends. An
overhead canopy hood is usually installed. Fig-
ure 188 illustrates an installation in which a can-
opy hood is used to capture emissions from one
end of the [urnace while, at the opposite end,
baffles have been extended from around the stack
opening to minimize crossdrafts and aid in cap-
turing emissions from the ladle being filled from
the furnace.

Additional heavy emissions maybe expected dur-
ing charging, alloying, and slagging, High-over-
head canopy hoods are generally used. These
overhead hoods are, however, unsatisfactory un-
less they cover a large area, and a high indraft
velocity is provided,

Figure 188, Rotary-tilting-type reverperatory furnace venting to canopy hood and stack vent:
(top) Furnace during meltdown, (bottom) furnace during pour (Valley Brass, Inc. El Monte, Calif.).
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The need f[or numerous hoods and large air vol-
umes, with the resultant larger control device,
makes the tilting-type open-flame furnace expen-
sive to control. This type of furnace is being
gradually replaced by more easily controllable
eguipment.

The following example illustrates the fundamental
design considerations of a side-draflt hood for a
rotary-tilting-type furnace.

Example 28

Given:
Rotary-tilting~type brass-melting furnace. Iuel
input, 17 gal/hr . S, Grade No. 5 fuel oil, Max-

imumtemperature of products of combustion dis-
charged from furnace, 2,600°F,

TO BAGHOUSE

HOOD

FURNACE

BURNER

REFRACTORY

Figure 189,

Rotary-tilting-type brass-melting
furnace,

Problem:

Determine the design features of a side -draft hood
to vent the furnace.

Solution:

1.  Volume and weight of products to be vented
from furnace:

With 10% excess air, 1lbof U.S. Grade No.
5 fuel oil yields 20b6.6 ft3 or 15.96 lp of

products of compustion. One gallon of fuel
oil weighs 8§ 1b.

(17)(8)(206.6)

60 468 scfm

Vol =

(L7)(8)(15.96)

60 36,2 lb/min

Wr =

2. Volume of ambient air required to reduce
temperature of products of combustion from
2,600° to 250°F:

Baghouse inlet design temperature selected,
250°F. Ambientair temperature assumedlo
be 100°F,

Heat gained by}

{Heat lost by products
ambient air

of combustion

MG At = M C A ¢
cp

a p a P pc

(Ma}[[). 25)(250-100) = (36. 2)(0. 27)(2, 600-250)

37.5 M. = 23,000
a
hda = 613 1b/min
or i = 8,640 cim at 100°F
0.071

3. Totalvolume ol products to be vented through

hood:
Volume fr furnace = (468) &5 w361
Sadrdiass 3 60 4 460
= 639 cim
250 + 460
V i 1 = e e ———
olume trom ambient air (8,640}(100 Y 46(})
= 10,950 efm

Total = 11,589 cfm at 250°F

4. Open area of hood: Design for a velocity of
2,000 ft/min. This is adequate to ensure
good pickup if the hood geometry isdesigned
properly,

11,589 _ 2

5000 578 2t

Problem note: Furnace gases should discharge
directly into center of hood opening. Position-
ing of the hood should be such that it picks up
emissions from the ladle during the furnace tilt
and pour. Sides extending to ground level may
be necessary to nullify crossdrafts. When the
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furnaceis tilied, emissions will escape from the
high side or the firing end opening. These may
be stopped by blowing a portion of the burner com-
bustion air through the furnace, which forces
emissions throughthe furnace discharge opening.
If this is not possible, an auxiliary hood should
be installed over the firing end of the furnace.

Crucible-type furnaces

One large-volume foundry, using tilting-type
crucible furnaces, installed an exhaust system
to control emissions during pouring. The ex-
haust system vents l4 furnaces to a baghouse,
The hooding collects all the fumes during pour-
ing without interfering with the furnace operation
inanyway. The hood is equipped with a damper
that is closed when the furnace is in the normal
[iring position. Alinkage system opens the dam-
per when pouring begins, After the furnace is
tilted 40°, the damper is fully opened, remain-
ing there for the rest of the pour. It swings shut
automatically when the furnace is returned to the
[iring position. The ductwork leading from the
hood pivots when the furnace is tilted. The en-
tire hood is fixed to the furnace with two bolts,
which permit its rapid removal for periodic re-
pairs to the furnace lining and crucible. Since
only one furnace is poured at a time and the sys-
tem operates only during the pour, only 1, 500
cfm is required to collect the fumes. Tests show
that the amount of particulate matter emitted to
the atmosphere with this system is 0. 125 pound
per hour per furnace (Anonymous, 1950), This
contrasts with a loss of over 2 pounds per hour
uncontrolled,

Figure 190 shows an installation of a tilting-type
brass crucible furnace with a plenum roof-type
hood, which captures furnace emissions during

the meltdown and ladle emissions during the pour,

Emissions resulting from the pouring of molten
metal from a ladle into molds can be controlled
by three devices. The first is a fixed pouring
station that is hooded so that the emissions from
the ladle and molds are captured during the pour-
ing (Figure 191). A second solution, for smaller
foundries, is a hood attached to the pouring ladle
and vented to the control system through flexible
ductwork. One variation places a small baghouse
on the crane holding the ladle so that the ladle is
vented over the whole pouring floor. Another
variation is a stationary baghouse and sufficient
flexible ductwork to allow the hood to travel from
mold to mold. A third solution employs a hood
attached to the bale, a short section of [lexible
ductwork, and two ducts—one mounted on the bridge
crane and one attached to the stationary crane
rails. The ducts are interconnected with atrans-
fer box, which is sealed by a continuous loop of
rubberized belt. This allows complete [reedom

Figure 190, Tilt-type crucible hrass furnace with
a plenum roof-type hood.

Figure 191, Fixed-mold pouring station with
fume mold.

of movement for the ladle within the area served
by the overhead crane (Figure 192),

Low-[requency induction furnace

The control of the emissions from an induction
furnace is much more expensive and difficult if
oilyturnings are charged to the furnace. In ad-

dition to the fumes common to brass melting,
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Figure 192. Exhaust system with moving duct and trans-
fer connection venting brass-pouring ladle (''A'' Brass
Foundry, Vernon, Calif.).

great clouds of No. 5 Ringelmann black smoke
are generated when the oily shavings contact the
molten heel within the furnace. Adequate hooding
enclosing the furnace is, therelore, required,
and alarge volume of air is necessary to capture
the smoke and fumes. Where 900 cfm was suffi-
cientto collect the pouring emissions from an in-
duction furnace using oil-free metal, 10, 000 cim
was required throughout the heat for a similarly
sized furnace melting turnings with a 3 percent
oil content, Figure 193 shows an induction fur-
nace with an adjustable low-canopy hood that can
be positioned to cover both meltdown and pour-
ing operations, A baghouse collects the fume.

Another, smaller induction furnace is shown in
Figure 194, Inadditiontocapturing furnace emis-
sions during meltdown, the hood captures emis-
sions during the pour into the ladle. Figure 194
also shows the extentof emissions after the ladle
is removed from the hood area,

Cupola furnace

An exhaust system to control a cupola must have
sufficient capacity toremove the products of com-
bustion, collect the emissions from the metal tap
spout, and provide a minimum indraft velocity
of 250 fpm through the charge door. In addition,

side curtains may be required around the charge
doortoshield adverse crosscurrents, A canopy
hood is recommended for the metal tap spout.
The air requirement for this hood is a function
of its size and proximity to the source of emis-
sions.

Air Pollution Control Equipment

Baghouses

Baghouses with tubular filters are used to con-
trol the emissions from brass furnaces. This
type of collector is available in many useful and
effective forms. Wool, cotton, and synthetic fil-
ter media effectively separate subrnicron-sized
particulate matter from gases because of the
filtering action of the "mat" of particles previous-
ly collected.

The gases leaving a reverberatory furnace may be
100° to 200°F hotter than the molten metal and
must be cooled before reaching the [ilter cloth,
Direct cooling, by spraying water into the hot com-
bustion gases, is not generally practiced because
(1) there is increased corrosion of the ductwork
and collection equipment, (2)the vaporized water
increases the exhaust gas volume, necessitating
a correspondingly larger baghouse, and (3) the
temperature of the gases in the baghouse must be
kept above the dewpoint to prevent condensation
of water on the bags. The exhaust gases may be
cooled by dilution with cold air, butthis increases
the size of the control equipment and the operating
costs of the exhaust system,

One cooling system employed consists of a'water-
jacketed cooler followed by air-cooled radiation-
convection columns, as shown in Figure 195. The
water-jacketed seclion reduces the temperature
from approximately 2,000° to 900°F. The ra-
diation-convection coolers then reduce the tem-
perature to the degree required to protect the
fabric of the filter medium. Figure 196 depicts
an actual installation showing the cooling columns
and baghouse.

Treated orlon is gradually replacing glass cloth
as the most favored high-temperature fabric,
Although glass bags withstand higher tempera-
tures, the periodic shaking of the bags gradually
breaks the glass fibers and causes higher main-
tenance costs,

Probably the most critical design factor for a tu-
bular baghouse is the filtering velocity. A filter-
ing velocity of 2,5 fpm is recommended for col-
lecting the fumes from brass furnaces with rela-
tively small concentrations of fume. Larger con=-
centrations of fume require a lower filtering
velocity, A higher filtering velocity requires
more frequent shaking to maintain a pressure
dropthrough the baghouse within reasonable lim-
its., Excessive bag wear results [rom frequent
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A pres-
sure drop of 2 to 5 inches of water column is
normal, and high pressure differentials across
the bags are to be avoided.

shaking and higher filtering velocities,

The baghouse should be completely enclosed to
protect the bags from inclement weather and

water condensation during the night when the

equipment is usuallyidle, The exhaustfan should
be placed downstream from the baghouse to pre-
vent blade abrasion. Moreover, problems with
fan balance due to material's adhering to the

blades willnot occur, Furthermore, brokenbags
are more easily detected when the exhaust system

discharges tothe atmosphere through one opening.

Figure 193, Electric induction tilting-type brass
furnace with adjustable canopy hood and baghouse
control device (American Brass Company, Paramount,
Calif.).

Furnace data
Type, electric induction Electrical rating, 450 kw
Capacity, 3,000 Ib/hr Metal processed, brass

Control system data

Fan motor rating, 30 hp Filtering velocity, 1.6 fp
Gas volume, 12,700 cfm Pressure drop, 1.8 to
Baghouse type, compart- 4 in. WC

mented, tubular Gas stream cooling, tem-
Filter area, 7,896 ftZ perature-cantrolled
Filter medium, orlon water sprays in duct
Shaking, automatic by Hood jndraft velocity,

compartment 560 ft/min

In Table 81, the results of tests performed on
baghouses venting brass furnaces are shown. Note
that the melting rate of the induction furnace is
over 4 times that of the crucible gas-fired fur-
naces, yetthe baghouse is only one-tenth as large.
Larger baghouses arenecessaryfor crucible gas-
fired furnaces because of the heat and volume of
the products of combustion from the gas burners.

Electrical precipitators

Generally, electrical precipitators are extreme-
ly effective collectors for many substances in any
size range from 200 mesh (74 p) to perhaps 0. 001

micron, wet or dry, ambient or up to 1, 200°F,
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Figure 194, Electric induction furnace with an extended hood over the pouring area: (left) Hood in place
during pouring operations, (right) ladle removed from the hood area (Western Brass Works, Los Angeles
Calif.).
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Figure 195. Sketch of small baghouse for zinc fume (Allen et al., 1952).
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Figure 196. Reverberatory open-hearth furnace whose slagging door and tap hole hoods vent to radiation-
convection cooling columns and haghouse (H. Kramer and Company, El Segundo, Calif.).

Furnace data

Type, reverberatory
Capacity, 50 ton

Fuel input, 7,260,000 Btu/hr
Temperature of gas discharge, 2,300°F

Control system data
Three taghouses in parallel serve three reverberatory furpaces and other smaller furnaces.

Fan motor rating, three 50 hp

Maximum gas volume, 54 400 cfm

Baghouse inlet temperature, 220°to 250°F
Filter medium, orlen

Baghouse type, compartmented, tubular

This equipment has not, however, proved entire-
ly satisfactoryonlead and zinc fumes, Lead ox-
ide in particular is difficult to collect because of
its relatively high resistivity, which can cause a
high potential todevelopacross the dust layer on the
collecting surface. This not only reduces the poten-
tialacross the gas stream but may result in spark
discharge with resultant back ionization and re-
entrainment of dust. In addition, high-voltage
precipitators have not been awvailable in small
units suitable for small nonferrous foundry use,
and the first costmay, moreover, be prohibitive.

Scrubbers

Dynamic scrubbers or mechanical washers have
proved in some applications to be effective from

Filter area (3 houses), 27,216 ft2
Maximum filter ratio, 2:1
Shaking, automatic by compartment

10 to 1 micron, but in addition to being ineffec-
tive in the submicron range, they have the dis-
advantage of high power consumption and mechan-
ical wear and usually require separation of the
metallic furnes and other particulate matter from
the circulating water.

A number of dynamic and static scrubbers have
heen tested on brass furnaces and all have been
found unsatisfactory. The scrubbers not only
failed to reduce the particulate matter sufficient-
Ly, but the opacity of the fumes escaping collec-
tion was excessive, The results of several scrub-
ber tests are summarized in Table 82, These
scrubbers have been replaced by baghouses.
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Table B2. EFFICIENCIES OF WET SCRUBBER CONTROL DEVICES
SERVING BRASS-MELTING FURNACES
Type Water | Flue gas | Particulate
of rate, | volume, matter, Total dust, Efficiency,
scrubber gpm scfm gr/sct 1b/hr Fo
in Out In Out

Venturi with
wet cyclone 7.6 860 (2.71 |0.704/19.95 7.04 65
Dynamic wet 20.0 770 0,905 | 0,367 5.97 3.00 50
Dynamic wet 50.0 1,870 1.76 0,598 | 28,2 13,2 53

Collectors depending upon centrifugal principles
alone are not adapted to brass furnace dust col-
lection because of the low efficiency of these de-
vices on submicron-sized particulate matter. One
Los Angeles foundry operated a wet cyclone gas
conditioner venting to a wet entrainment separator
for recovering partially agglomerated zinc oxide
fume, The concentration of particulate matter
was relatively small, since tilting crucible fur-
naces with slag covers were used, and the device
was able to reduce the weight of the dust and fumes
emiftted belowthelegal Hmits, but the number of
unagglomerated submicron-sized particles es-
caping collection was sufficient to cause period-
ic opacity violations. Consequently, this unit has
been replaced by a baghouse.

SECONDARY ALUMINUM-MELTING
PROCESSES

TYPES OF PROCESS

Secondary aluminum melting is essentially the
process of remelting aluminum, but the term en-
compasses the following additional practices:

1. Fluxing. This ferm is applied te any pro-
cess inwhichmaterials are added to the melt
toaidin removal of gases, oxides, or other
impurities, but do not remain in the final
product,

Alloying. This term is applied to any pro-
cess in whichmaterials are added to give de-
sired properties to the product and become
part of the final product.

Degassing. This includes any process used
to reduce or eliminate dissolved gases.

"Demagging.' This includes any process
used to reduce the magnesium content of the
alloy.

These terms are often used vaguely and overlap
to a great extent, For example, degassing and
demagging are usually accomplished by means
of fluxes. The use of zinc chloride and zinc flu-
oride fluxes increases the zinc content of alumi-
num alloys.

Aluminum for secondary melting comes from
three main sources:

1. Aluminum pigs. These maybe primary met-
albutmayalso be secondary aluminum pro-
duced by a large secondary smelter to meet
standard alloy specifications,

Foundry returns, These include gates, ris-
ers, runners, sprues, and rejected castings,
In foundries producing sand mold castings,
foundry returns may amount to 40 to 60 per-
cent of the metal poured,

Scrap. This category includes aluminum
contaminated with oil, grease, paint, rubber,
plastics,and other metals suchas iron, mag-
nesium, zinc, and brass,

The melting of clean aluminum pigs and foundry
returns without the use of fluxes does not result
in the discharge of significant quantities of air
contaminants. The melting of aluminum scrap,
however, frequently requires air pollution con-
trol equipment to prevent the discharge of ex-
cessive air contaminants.

Crucible Furnoces

For melting small quantities of aluminum, up to
1,000 pounds, crucible or pot-type furnaces are
used extensively. Almostall crucibles are made
of silicon carbide or similar relractory material,
Small crucibles are lifted out of the [urnace and
used as ladles to pour into molds. The larger
crucibles are usually used with tilting-type fur-
naces, For die casting, molten metal is ladled
out witha small hand ladle or it can be fed auto-
matically to the die-casting machine.
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Reverberatory Furnaces

The reverberatory furnace is commonly used for
medium- and large - capacity heats. Small re-
verberatory furnaces up to approximately 3, 000
pounds' capacity may be of the tilting type. Some-
times a double-hearth construction is employed
in furnaces of 1,000 to 3,000 pounds' holding
capacity. This permits melting to take place in
one hearth, the second hearth serving only to
hald the molten metal at the appraopriate temper-
ature. Advocates of this design stress that it re-
duces or eliminates the tendency of the metal to
absorb gas, The contention is that porosity re-
sults f[romhydrogen gas, which is liberated from
moisture trzapped below the surface of molten
aluminum., The use of a double hearth permits
moisture to be driven off before the metal melts
and runs to the holding hearth. Sometimes the
melting hearth is also used as a sweat furnace to
separate the aluminum from contaminants such
as brass and steel, The use of double-hearth
furnaces for the larger capacity heats is not com-
morn.

A charging well is frequently used on aluminum
reverberatory furnaces. Figure 197 shows a 20-
ton reverberatory furnace with a charging well,
The well permits chips and other small aluminum
scrap to be introduced and immersed below the
liquidlevel. Chips and small scrap have an un-
usually high surface area-to-volume relation-
ship, and oxidation must be minimized. Large
quantities of {lux are also added and stirred in to
dissolve the oxide coating and aid in the removal
of dirt and other impurities, The flux causes
the oxides and other impurities to rise to the sur-
face in the form of a dross that can be skimmed
off easily,

Reverberatory furnaces of 20~ to 50-ton holding
capacity are common. Usually one heat is pro-
duced in a Z4-hour period; however, the time
per heat in different shops varies from 4 hours
toas much as 72 hours. This type of furnace is
commonly used to melt a variety of scrap, The
materials charged, method of charging, size and
design of the furnace, heat input, and fluwcing,
refining, and alloying procedures all have some
influence onthe time required to complete a heat.
After the charge is completely melted, alloying
ingredients are added to adjust the composition
to Tequired specifications. Large quantities of
fluxes are added when scrap of small size and low
grade is melted, The flux in some cases may
amounf toas much as 30 percent of the weight of
scrap charged.

Fuel-Fired Furnaces

Both gas- and oil-fired furnaces are common,
though gas-fired furnaces are usually preferred.

Frequently, combination burners areused so that
gas may be burned when available, with oil sub-
stituted during periocds of gas curtailment,

Fuel-fired furnaces used for aluminum melting
are extremelyinefficient, Approximately 50 per-
cent of the gross heating value in the fuel is un-
available in the products of combustion. Radia-
tion and convection losses are high since little or
noinsulation is used. Many small crucible fur-
naces probably do not achieve more than 5 per-
cent overall efficiency and some may not exceed
2 to 3 percent (Anderson, 1925), At the other
extreme a properly designed and operated fur-
nace may be able to use as much as 20 percent
of the gross heat in the fuel, Most furnaces can
be assumed to operate with efficiencies of 5 to
15 percent. This may become an important fac-
tor when air pollution control equipment must be
provided to handle the products of combustion,
Fortunately, this is seldomnecessary, Controls,
if provided, are usually required only during the
degassing or demagging operations when the burn-
ersare off. Another possibility is to add fluxes
and scrap only to a charging well that is vented
to control equipment,

Elecirically Heoted Furnaces

Electric induction furnaces are becoming increas-
ingly common for both melting and holding alumi-
num inspite of higher installation and operating
costs. Some of the advantages they offer over
other furnaces are higher efficiency, closer tem-
perature control, no contaminants from products
of combustion, less oxidation, and improved ho-
mogeneity of metal. Electric resistance heating
is sometimes used for holding but rarely for melt-
ing furnaces. Most electric furnaces for alumi-
nurm melting are relatively small though some
holding furnaces have capacities up to about 15
tons,

Charging Practices

Small crucible furnaces are usually charged by
hand with pigs and foundry returns, Many rever-
beratoryfurnaces are alsocharged with the same
type of materials, but mechanical means are used
because of the larger quantity of materials in-
volved.

When chips and light scrap are melted, it is a
common practice to melt some heavier scrap or
pigs first to form a molten '"heel." The light
scrap is then added and immediately immersed
below the surface of the molten metal so that
further oxidation is prevented. The heel may
consistof 5, 000to 20, 000 pounds, depending up-
on the size of the furnace.
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Figure 197. A 20-ton aluminum-mel{ting reverberatory furnace with charging well hood (Aaron, Ferrer & Sons, Inc,,Los

Angeles, calif.).

Pouring Practices

Tilting -type crucible furnaces are used when the
crucibleis toolargeto be handled easily, These
furnaces are poured into smaller capacity ladles
for transfer tothe molds. Larger reverberatory
furnaces are either tapped from a tap hole or si-
phoned intoaladle., Ladlesvaryupto3 or 4 tons
capacity in some cases. Sometimes the ladles
are equipped with covers with electric resistance
heaters to prevent loss of temperature when the
ladle is notto be poured immediately or when the
pouring requires too long a time. Pouring mol-
ten aluminum does not usually result in the dis-
charge of air contaminants in significant quanti-
ties.

Fluxing

The objectives of fluxing generally fall into four
main categories:

1. Cover fluxes., These fluxes are used to cov-
er the surface of the metal to prevent further
oxidation and are usuallyliquid at the melting
point of aluminum. Some of these are also
effective in preventing gas absorption.

2, Solventfluxes, These fluxes generallycause
the impurities and oxides to float on top of
the melt in the form of a dross that can be
skimmed off easily.
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3. Degassing fluxes., These fluxes are used to
purge the melt of dissolved gases, The dis~
solved gas is assumed to be hydrogen, but
other gases are also highly soluble in alumi-
num, The solubility of gases in molten alu-
minum increases with temperature. The gas-
es most soluble in molten aluminum, in de-
creasing order of solubility, are hydrogen,
methane, carbondioxide, sulfur dioxide, oxy-
gen, air, and carbon monoxide. The solu-
bility of hydrogen is 6 or 7 times as great as
that of methane and over 10 times that of car-
bon diexide, Elimination of hydrogen gas in
aluminum is a major problem.

4. Magnesium-reducing fluxes, These fluxes
are used to reduce the magnesium content
of the alloy (known as demagging). During
World War Il it became necessary to recov-
er large quantities of aluminum scrap, much
of which had a magnesium content too high
for the intended use. It was found that the
magnesium could be selectively removed by
the use of appropriate fluxes.

The quantity and type of fluxing depend upon the
the type of furnace, the materials being melted,
and the specifications of the final product., A few
operators melting only pigs and returns find flux-
ing unnecessary. Atthe other extreme are large
secondary smelters that process very low-grade
scrapand sometimes use fluxes amounting to as
much as one~third of the weight of the aluminum
scrap charged, About 10 percent by weight is an
average figure for the amount of [lux used for
medium- to low-grade scrap,

Fluxes for degassing or demagging may be either
solids or gases. The gaseous types are usually
pteferredbecause they are easier to use, and the
rate of application is simpler to control. Some of
these, for example chlorine, may be used for
either degassing or demagging, depending upon the
metal temperature. In general, any flux that is
effective in removing magnesium also removes
gas inclusions.

Cover fluxes

Cover fluxes are used to protect the rnetal from
contact with air and thereby prevent oxidation.
Most of these fluxes use sodium chloride as one

of the ingredients (Anderson, 1931). Various

proportions of sodium chloride are freguently

used with calcium chloride and calcium fluoride,
Sometimes cryolite or cryolite with aluminum
fluoride is added to dissolve oxides. Borax has

alsobeenused alone and in combination with so-

dium chloride.

Solvent fluxes

Solvent fluxes usually form a gas or vapor at the
temperature of the melt, Their action is largely
physical. The resulting agitation causes the ox-
ides and dirtto rise to the top of the molten metal
where they can be skimmed off. Included in this
group are aluminum chloride, ammonium chlo-
ride, and zinc chloride, Zinc chloride increases
the zinc content of the alloy probably according
to the equation

4 ZnCl P foa i Zn + 2 AlC] (100)

A 3

Aluminum chloride, which is formed in this re-
action, is a vapor at temperatures above 352°F.
Itbubbles out of the melt, forming a dense white
fume as it condenses in the atmosphere.

So=called chemical [luxes are solvents for alu-
minum oxide. Cryolite, other fluorides, or borax
is used for this purpose. Part of the action of
the fluorides is thought to be due to the libera-
tion of [luorine, which attacks silicates and dirt.
Some chlorides are alsoused extensively, but their
action is nol understood,

Degassing fluxes

There are many methods of removing dissolved
gas from molten aluminum, some of which do not
require the addition of a flux, Among the non-
flux methods are the use of vibration, high vac-
uum, and solidification with remelting. None is
as effective as the use of an active agent such as
chlorine gas. Ielium, argon, and nitrogen gases
have also beenused successfully, Solid materials
that have been used include rmany metallic chlo-
rides. Some think that their action is physical
rather than chemical and that one gas is as good
as another, For this reason, nitrogen has been
used extensively. Nitrogen isnot toxic, and vir-
tually no wvisible air contaminants are released
when itis used. In addition, it does not coarsen
the grain or remove sodium or magnesium from
the melt, The main objection to the use of nitro-
gen is that commercial nitrogen is usually con-
tarmninated with oxygen and water vapor (Eastwood,

1946).

Magnesinm-reducing fluxes

The use of fluxes to reduce the magnesium con-
tent of aluminum alloys is a relatively new pro-
cedure. Certain fluxes have long heen known to
tend to reduce the percent of magnesium in the
alloy, but this process did not become common-
place until the advent of World War II. Several
fluxes may be used for this purpese. Aluminum
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fluoride and chlorine gas are perhaps the most
commonly used. The temperature of the melt
must be significantly greater in demagging than
indegassing, usually between 1, 400° and 1, 500°F.

As much as 1l ton of aluminum fluoride is com-
monly used in reverberatory furnaces of 40- to
50-ton capacity. The aluminum fluoride is usu-
ally added to the molten metal with smaller quan-
tities of other fluxes such as sodium chloride,
potassium chloride, and cryolite, and the entire
meltis stirred vigorously. Magnesium fluoride
is formed, which canthen be skimmed off. Large
quantities of air contaminants are discharged
from this process.

Magnesium reduction with chlorine

Chlorine gas used for demagging is easier to
regulate than fluxes used for that purpose, Extra
precautions must be taken because of the high
toxicity of this material. The chlorine is sent
under pressure through carbon tubes or lances to
the bottom of the melt and permitted to bubble up
through the molten aluminum. Figure 198 (left)
shows a ladle of aluminum before the lances are
lowered into the metal; Figure 198 (right) shows
the hood in position.

Recently, aluminum reverberatory furnaces have
beenprovided with chlorination chambers. A typ-
ical chamber is approximately 4 feet wide and 10
feet long, and is located alongside the furnace,
An archway beneath the molten metal level in the
common wall between the furnace and the cham-
ber permits the flow of metal between the furnace
and the chamber. Chlorine under pressure is fed
through carbon lances to the bottom of the melf in
the chlorination chamber. Use of this chamber
permidts chlorination during the latter part of the
melting cycle and has the added advantage of iso-
lating the contaminant gases and entrained emis-
sions, formed by the demagging process, from the
combustion products of the furnace.

THE AIR POLLUTION PROBLEM

Frequently, a large part of the material charged
toareverberatoryfurnace is low-grade scrapand
chips. Paint, dirt, eil, grease, and other con-
taminants from this scrap cause large quantities
of smoke and fumes to be discharged. Even if
the scrapis clean, large surface-to-volume ratios
require the use of more fluxes, which can cause
serious air pollution problems,

Ina study of the extent of visible emissions dis-
charged from degassing aluminum with chlorine

Figure 198. Ladle of molten aluminum with (left) lances in the raised position, and (right) hood in place and

lances lowered inta aluminum.
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gas, the major parameters were found to be metal
temperature, chlorine flow rate, and magnesium
content of the alloy. Other factors affecting the
emissions to a lesser degree are the depth at
which the chlorine is released and the thickness
and composition of the dross on the metal surface.
Other factors remaining constant, the opacity of
the emissions at any time is an inverse function
of the percent magnesium in the metal at that
time.

When the magnesium content is reduced, either
by combining with chlorine to form magnesium
chloride (MgCl;) or by using an alloy containing
less magnesium, a greater fraction of the chlo-
rine combines with the aluminum to form alu-
minum chloride (AlCl3). The magnesium chlo-
ride melts atabout 1,312°F, so that it is a liquid
or solid at normal temperatures for this opera-
tion (about 1, 300% te 1, 350°F) and thus does not
contribute significantly to the emissions. A very
small amount may sometimes be released into
the atmosphere as a result of mechanical entrain-
ment. The aluminum chloride, onthe other hand,
sublimes at about 352°F, so that it is a vapor at
the temperature of molten aluminum. As the
vapors cool in the atmosphere, submicron fumes
are formed, whichhave verygreat opacity in pro-
portion to the weight of material involved,

Chlorine has a much greater affinity for magne-
sium than it has for aluminum. This is shown by
the fact that alloys containing more than about
0.5 percent magnesium (and 90 to 97 percent alu-
minum)usually produce only a moderate quantity
of fume in degassing with chlorine, while alloys
with more than about 0. 75 percent magnesium do
not usually produce a significant quantity of fume.

In alloys with greater magnesium content, not
onlyis less aluminum chloride formed, but also
a thick layer of dross (largely magnesium chlo-
ride) is built up on the surface, which further
suppresses the emission of fumes, Aluminum
chloride also reacts withmagnesium toformmag-
nesium chloride and aluminum. The dross in-
creases the opportunities for this latter reaction,

When chlorine is used for demagging, it is added

sorapidly that large quantities of both aluminum
chloride and magnesium chloride are formed, the
molten bathis vigorously agitated, and not all of
the chlorine reacts with the metals, As a result,

a large quantity of aluminum chloride is dis-

charged along with chlorine gas and some en-

trained magnesium chloride. The aluminum ¢hlo-
ride is extremely hygroscopic and absorbs mois-
ture from the air, with which it reacts to form
hydrogen chloride, These air contaminants are
toxic, corrosive, and irritating.

Particle Size of Fumes From Fluxing

One study (McCabe, 1952) found that the major
constituent in the fume from salt-cryolite flux-
ing in a furnace was sodium chloride with con-
siderable smaller quantities ol compounds of alu-
minum and magnesium. Electron photomicro-
graphs of thermal precipitator samples indicated
that the particles of fume were all under 2 mi-
crons, mostof thembeing 0. 1 micron. The fumes
were somewhat corrosive when dry and, when
collected wet, formed a highly corrosive sludge
that tendedto setup and harden if allowed to stand
for any appreciable time. Another study made
of the fume from chlorinating aluminum to degas
revealed that 100 percent of the fume was smaller
than 2 microns and 90 to 95 percent smaller than
1l micron, Mean particle size appeared under a
microscope to be about 0.7 micron.

HOODING AND VENTILATION REQUIREMENTS

Whennocharging well is provided, or when flux-
ing is done inside the furnace, or when dirty scrap
is charged directly into the furnace, then venting
the furnace may be necessary. In some cases,
the products of combustion must be vented to the
air pollution control equipment. The volume to
be vented to the collector, and the determination
of temperature may be found similarly to metal-
lurgical furnace calculation procedures described
elsewhere in this manual.

A canopy hood (as previously shown in Figure 197)
isusually used for capturing the emissions from
the charging well of an aluminum reverberatory
furnace. Calculation of the quantity of air re-
quired can be accomplished as shown in the fol-
lowing example.

Example 29

Given:

Metal surface, 2 ft 3 in. = 11 ft 3 in,
Temperature of molten metal, 1,350°F,

Hood opening dimensions, 3 ft 9 in. x 13 ft 9 in.
Height of hood face above metal surface, 2 ft 6 in,
Ambient air temperature, 80°F.

Problem:

Determine the volume of air that must be vented
from a low-canopy hood over the charging well
of an aluminum-melting reverberatory furnace
to ensure complete capture of the air contami-
nants,

Solution:

As discussed in Chapter 3, the following equation
gives the total ventilation rate for low-canopy
hoods:
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g = s.amm’® (a2
where
q = total ventilation rate required, cfm
A = area of the hood face, ftz
m = the width of the hot metal surface at
the charging well, it
At = the difference in temperature between

the hot surface and the ambient air, °F.

/3 5/12

g = S 4:][3.75}{13.75)(2.25}l (1,350-80)

= 7,170 cfm

Problemnote: The volume calculated here is the
minimum ventilation required just to accommo-
date the rising column of air due to the thermal
drive, An additional allowance must be made to
take care of drafts. If volatile fluxes are used,
the volume of fumes generated must also be ac-
commodated. Inmostcases anallowance of about
25 percent additional volume is adequate to en-
sure complete pickup. The exhaust system should
therefore be designed to vent about 9, 000 cfm.

Although the gases vented from the charging well
are hot, sufficient air is drawn into the hood to
preclude any danger that the hot gas will damage
the exhaust system. The temperature of the
mixed gas stream is calculated in example 30.

Example 30
Given:

The furnace with charging well and canopy hood
venting 9, 000 c¢fm as shown in Example 29.

Problem:

Determine the temperature of the air entering
the hood,

Solution:

1. Determinethe heat transferred from the hot
metal surface to the air by natural convec-

tion:
h As At
From Chapter 3, H' = £ 60
where

H' = heat transferred from hot metal sur-
face to the air by natural convection,
Btu/min

hc = coefficient of heat transfer from hori-

zontal plates by natural convection,
Btu/hr/ft2/°F

A = area of hot metal surtface, fte
s

At = temperature difference between hot

metal surface and ambient air, °F.

Byusinghe = 0.38 (At)7- 2 and substituting this
quantity into the equation,

0.38 {As}(dt)l' 25
60

H =

© (0.38)(2.25)(11. 25)(1, 350-80) " %
. 60

= 1,210 Btu/min

Z, Solvefortemperature of the air entering the
hood (assume specific volume of air = 13,8
£t3/1b):

= Wec_ At
% P

where cp = specific heat of air at constant
pressure.

1 )(13.8)
At = 12101 E = LR

(9, 000)(0. 24)

Temperature of air entering the hood = 80
o i A R 0 2

The actual temperature of the air entering the
hood will be slightly higher than the value cal-
culated here, owing to radiation from the molten
metal surface, and radiation and convection from
the hood and the furnace. In some cases, when
the burners are operated at maximum capacity,
there may be a positive pressure in the furnace.
If the design of the furnace permits some of the
products of combustiontobe vented into the hood,
the actual temperature may be substantially high-
er than shown here. This situation would also
require venting a greater volume to ensure cap-
turing the emissions.

AIR POLLUTION CONTROL EQUIPMENT

The emissions from aluminum fluxing may con-
sist of hydrogen fluoride, hydrogen chloride, and
chlorine in a gaseous state, and aluminum chlo-
ride, magnesium chloride, aluminum f[luoride,
magnesium fluoride, aluminum oxide, magne-
sium oxide, zinc chloride, zinc oxide, calcium
fluoride, calcium chloride, and sodium chloride
inthe solid state, Not all will be present at one
time, and many other, minor contaminants may
be emitted in a specific case. Because of the
widely divergent properties of these various air
contaminants, the problem of control is compli-
cated.
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Some type of scrubber is required to remove the
soluble gaseous fraction of the effluen:, and either
a baghouse or an electrical precipitator is needed
tocontrolthe solids. In order to obtain adequate
collection efficiency, the use of higa-efficiency
scrubbers, with a caustic solutionas the scrub-
bing medium, has been found necessary. This
is illustrated in Table 83, which shows typical
test data on collection eifficiency for both ordi-
nary and high-efficiency scrubbers.

Table 83, SCRUBBER COLLECTION
EFFICIENCY FOR EMISSIONS FROM
CHLORINATING ALUMINUM

Scrubber callection efficiencies, %

Slot scrubber Packed-column scrubber

10% caustic 10% caustic

Contaminants | Water Water

solution solution
HCL 90 1o 95 95 1o 99 9510 98| 929 to 100
CLJ 30 1o 50 50 ta 60 75 to 85| 9t 95

Particulates 30 ta 50 50 to &0 70 to 30| B0 1o 90

2Collection efficiency depends mainly upon scrubbing ratio
(gal per 1,000 ftd), velocity of gas mn scrubber, and con-
tact time and to a lesser extent on otheér assects of the
design. Thes¢ values are typiwcal efficiencies obtained by
actual lests but do not reflecl the entire range of resulls.

Table 84 summarizes the results of a series of
200 tests made of control efficlencies of nine de-
vices by a major producer of aluminum (Jenny,
1951). These¢ results represent the average range
of efficiencies for a number of tests but are not
necessarily the maximum or minimum values ob-
tained. In spite of the high efficiencies obtained
with some of these devices, reducing the emis-
sions sufficiently to eliminate a visible plume
was very difficult, For the dry ultrasonic unit,
the opacity of the emissions exceeded 40 percent
when the outlet grain loading was greater than
0,25 grain per cubic foot. The efliciency of this
unit varied widely with the inlet grain loading and

Table 84, AVERAGE COLLECTION
EFFICIENCY OBTAINED BY VARIOUS
DEVICES ON EMISSIONS FROM
CHLORINATING ALUMINUM (Jenny, 1951)

Type of device Efficiency, %
Horizontal multipass wet cyclone 65 to 75
Sinpgle-pass wet dynamic collector 70 to 80
Packed-column water scrubber with
limestone packing 75 1o 85
Ultrasonic agglomerator followed by
a multitube dry cyclone 85 to 98
Electrical precipitator 90 to 99

retention time, the efficiency increasing with in-
creasing values of either or both of these varia-
bles, Other tests by the same company on col-
lectors of a wet type revealed that the opacity
exceeded 40 percent periodically, even when the
average grain loading at the vent was as low as
0.002 grain per cubic foot.

Figures 198, 199, and 200 show parts of a single
installation of air pollution control equipment
for the control of emissions from chlorinating
aluminum. One ofthethree stations where chlo-
rinating is performed is shown in Figure 198,
Note that the hooding closely encloses the source
so that a minimum veolume of air is required to
attain 100 percent pickup of air contaminants, The
fumes are scrubbed inthe packed<column scrubbers
shownin Figure 199. Tnis system was designer
touse two of the three scrubbers in parallel, with
the third as a standby. The scrubbing medium
is a 10 percent caustic solution, After the scrub-
bing, the effluentis vented to a [ive-compartment
baghouse witha fully automatic shaking mechan-
ism to remove residual particulate matter, The
baghouse contains a total of 300 orlon bags with
anetflilteringareaof 12, 000 square feet. In ad-
dition to the fumes from chlorine fluxing, which
are vented through the scrubbers, two aluminum
dross-processing barrels (Figure 200) are vented
directlyto the baghouse, The total volume han-
dled by the baghouse is about 30, 000 ¢fm, of which

Figure 199. High-efficiency packed-calumn water scrubbers
used with a baghouse for control of emissions from chlarine
fluxing and dross processing.
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approximately 6, 000 cfm is from the three chlo-
rine fluxing stations and the balance from the two
dross barrel hoods. The beneficial effect of the
bag precoating provided by the aluminum oxide
dust vented from the dross-processing barrels
permits a much higher filtering velocity than
would be advisable if only the fluxing stations
were being served by the baghouse,

Tests of the scrubber performance have shown
that virtually all the hydrogen chloride and more
than 90 percent of the chlorine are removed by
the caustic scrubbing solution, Since the efficien-
cyof aluminum chloride removal averages in ex-
cess of 80 percent, the loading of hygroscopic
and corrosive materials to the baghouse is rela-
tively light, The aluminum oxide dust from the
dross barrels acts as a filter cake, which im-
proves the collection efficiency of the aluminum

chloride fume while simultaneously reducing or
eliminating the difficulties usually associated

All ex-
posed metal parts are coated with polyvinyl chlo-
ride or other appropriate protective coatings.
The first year of operation indicates that no seri-
ous operational or maintenance problems will de-
velop, This installation replaced an electrical
precipitator that was found extremely difficult

with collecting hygroscopic materials.

and expensive to maintain because of corrosion,

An electrical precipitator thathas been used suc-
cessfully to control the emissions from fluxing
aluminum is illustrated in Figure 201.
the trend in control equipment for aluminum - flux -
ing ernissions appears to be away from electrical
precipitators and toward the scrubber-baghouse
combination.

At present

PO nerr s (s

1
|
|

Figure 200. Two aluminum dross-processing stations, one shown with hood door raised.
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Frgure 201. Concrete shell-type electrical precipitator used for controlling emissions from fluoride fluxing
aluminum metal. The reverberatory furnace (s shown (n the [eft partion of the photograph (Apex Smelting Co.,
Long Beach, Calif.).

As mentioned earlier inthis section, the demagging
operation can be done in a separate chlorination
chamber., IZxhaust volumes required to control
the emissions are much lower when a chlorination
chamber is used than when demagging 1s done in
the main chamber of the furnace, The chlorina-
tion chamber is virtually sealed from the atmos-
phere, the only exception being the cracks in the
refractory. An exhaustsystem capable of provid-
ing 300 to 500 cfm is sufficient to remove all of
the HCI1 and chlorine gas from the chamber and,
additionally, to provide a slight negative pressure
within it,

The control system consistsof(l)a settling cham-
ber, where some agglomeration and settling takes
place; (2) a packed-tray-type scrubber utilizing
10 percent caustic solution, where virtually all of
the chlorine andnearly all of the HC! is removed,
together with the major portion of the remaining
particulate matter; and (3) a baghouse, where the

remaining particulate is separated from the efflu-
ent. Since the particulates are hygroscopic and
the gas stream from the scrubber to the baghouse
is nearly saturated with water, the effluent must
be heated to about 1759 F to prevent combustion
in the baghouse,

This combination control system has proved suc-
cessful in controlling demagging emissions; how-
ever, maintenance costs are high. All ductwork
from the chlorination chamber to the scrubber
must be cleaned of settled particulates soon after
each chlorination; otherwise, they harden and are
very difficult to remove. The packed-tray-type
scrubber also should be washed free of all col-
lected particulate after each chlorination. If this
is not done, stratification of the effluent and
caustic hampers removal of the chlorine and
HCl, Then corrosion occurs in the baghouse and
on structures near the baghouse.
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SECONDARY ZINC-MELTING PROCESSES

Zinc is melted in crucible, pot, kettle, rever-
beratory, or electric-induction furnaces for use
in alloying, casting, and galvanizing and is re-
claimed from higher melting point metals in sweat
furnaces. Secondaryrefining of zinc is conduc-
ted in retort furnaces, which can also be used to
manufacture zinc oxide by vaporizing and burn-
ing zinc in air, All these operations will be dis-
cussed in this section except the reclaiming of
zinc from other metals by use of a sweat furnace.
Information onthis subject can be found in a fol-
lowing section entitled, '"Metal Separation Pro-
cesses,"

ZINC MELTING

The melting operation is essentially the same in
all the different types of [urnaces. In all but the
low-frequency induction furnace, solid metal can
be melted withoutthe use of a molten heel, Once
a [urnace is started, however, a molten heel is
generally retained after each tap for the begin-
ning of the next heat,

Zinc to be melted may be in the form of ingots,
reject castings, flashing, or scrap. Ingots, re-
jects, and heavy scrapare generally melted first
toprovide a molten bath to which light scrap and
flashing are added. After sufficient metal has
been melted, it is heated to the desired pouring
temperature, which may vary from 80G° to

1,100°F, Beforethe pouring, aflux is added and
the batchagitated to separate the dross accumu-
lated during the melting operation, Dross is

formed by the impurities charged with the metal
and from oxidation during the melting and heating
cycles, The fluxtendsto [loat any partially sub-
merged dross and conditions it so that it can be
skimmed f[romthe surface. When only clean in-
gotis melted, very little, if any, fluxing is nec-
essary. On the other hand, if dirty scrap is
melted, large amounts of [luxes are needed, Af-
ter the skimming, the melt is ready for pouring
intomolds or ladles, No fluxing or special pro-
cedures are employed while the zinc is being
poured,

The Air Pollution Problem

The discharge of air contaminants from melting
furnaces is generally caused by excessive tem-
peratures and by the melting of metal contami-
nated with organic material. Fluxing can also
create excessive emissions, but (luxes are avail-
able that clean the metal without fuming.

Probably the first visible discharge noted from
a furnace is from organic material. Before the
meltis hot enough to vaporize any zinc, accom-

panying organic material is either partially ox-
idized or vaporized, causing smoke or oily mists
tobe discharged, This portion of the emissions
can be controlled either by removing the organic
material before the charging to the furnace or by
completely burning the effluent in a suitable in-
cinerator or afterburner,

Normally, zinc is sufficiently fluid for pouring
attemperatures below 1, 100°F, At that temper-
ature, its vapor pressure is 15,2 millimeters of
mercury, low enough that the amount of fumes
formed cannot be seen. If the metal is heated
above 1,100°F, excessive vaporization can occur
and the resulting fumes need to be controlled with
an air pollution control device. Zinc can vapor-
ize and condense as metallic zinc if existing tem-
peratures and atmospheric conditions do not pro-
mote oxidation. Finely divided zinc so formed
is adefinite fire hazard, and fires have occurred
in baghouses collecting this material.

Many flux: = now inuse do not fume, and air con-~
taminants are not discharged. In some cases,
however, a specific fuming flux may be needed,
in which case a baghouse is required 'o collect
the emissions. An example of a fuming flux is
ammonium chloride, which, when heated to the
temperature of molten zinc, decomposes into
ammonia and hydrogen chloride gases. As the
gases rise into the atmosphere above the molten
metal, theyrecombine, forming a fume consisting
of very small particles of ammonium chloride.

Provided the temperature of the melt does not
exceed 1,100°F, there should be no appreciable
amounts of air contaminants discharged when the
zinc is poured into molds. Some molds, how-
ever, especially in die casting, are coated with
mold release compounds containing oils or other
volatile material. The heat {rom the metal va-
porizesthe oils, creating air contaminants. Re-
cently mold release compounds have been de-
veloped that do not contain oils, and this source
of air pollution is thereby eliminated,

ZINC YAPORIZATION

Retortfurnaces areused for operations involving
the vaporization of zinc including (1) reclaiming
zinc from alloys, (2) refining by distillation,
(3) recovering zinc from its oxide, (4) manufac-
turing zinc oxide, and (5) manufacturing pow=
dered zinc.

Three basic types of retort furnaces are used in
Los Angeles County: (1) Belgian retorts, (2)dis~-
tillation retorts (sometimes called bottle retorts),
and (3) muffle furnaces. Belgian retorts are
used to reduce zinc uxide to metallic zinc. Dis-
tillation retorts, used for batch distillations, re-
claim zinc from alloys, refine zinc, make pow-
dered zinc, and make zinc oxide. Muffle fur-

naces, used for continuous distillation, reclaim
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zinc from alloys, refine zine, and make zinc ox-
ide.

Although zinc boils at 1,665°F, most retort fur-
naces are operated at temperatures ranging irom
1,800° to2,280°F. Zincvaporburns spontane-
ously inair; therefore, air mustbe excluded from
the retort and condenser when metallic zinc is
the desired product, Condensers are designed,
either for rapid cooling of the zinc vapors to a
temperature below the melting point to produce
powdered zinc, or for slower cooling to a tem-
perature above the melting point to produce liq-
uid zinc, When the desired product is zinc ox-
ide, the condenser is bypassed and the vapor is
dischargedinto a stream of air where spontane-
ous combustion converts the zinc to zinc oxide,
Excess air is used, not only to ensure sufficient
oxygen for the combustion, but also to cool the
products of combustion and convey the oxide to a
suitable collector,

REDUCTION RETORT FURNACES

Reduction in Belgian Retorts

The Belgian retort furnace is one of several hori-
zontal retort furnaces that have been for many
yearsthe most common device for the reduction
of zinc, Although the horizoental retort process
is now being replaced by other methods capable
of handling larger volumes of metal per retort
and by the electrolytic process for the reduction
of zinc ore, only Belgian retorts are used in the
Los Angeles area. In this area, zinc ores are
not reduced; the reduction process is used to re-
claim zinc from the dross formed in zinc-melt-
ing operations, the zinc oxide collected by air
pollution control systems serving zinc alloy-melt-
ing operations, and the contaminated zinc oxide
from minc oxide plants,

A typical Belgian retort (Figure 202) is about 8
inches in internal diameter and from 48 to 60 in-
ches long. One endis closed and a conical shaped
clay condenser from 18 to 24 inches long is at-
tached tothe openend. The retorts are arranged
in banks with rows four to seven high and as many
retorts in a row as are needed to obtain the de-
sired production, The retorts are generally gas
fired.

The retorts are charged with a mixture of zinc
oxide and powdered coke, Since these materials
are powdered, water is added to facilitate charg-
ing and allow the mixture to be packed tightly into
the retort, Fromthreetofour times more carbon
isusedthan is needed for the reduction reaction,

After the charging, the condensers are replaced
and their mouths stuffed with a porous material,
A small hole is left through the stuff{ing to allow
moisture and unwanted volatile materials to es-

cape. About 3 hours are needed to expel all the
undesirable volatile materials from the retort.
About 6 hours after charging is completed, zinc
vapors appear. The charge inthe retortis brought
up to 1,832° to 2,012°F for about 8 hours, af-
ter which it may rise slowly to a maximum of
2,280°F. The temperature on the outside of
the retorts ranges from 2,375° to 2,550°F.
The condensers are operated at from 780° to
1,020°F, atemperature range above the melting
point of zinc but where the vapor pressure is so
low that a minimum of zinc vapor is lost,

The reduction reaction of zinc oxide can be sum-
marized by the reaction:

nl + & = Zn 3+ CO (101)

Very little, if any, zinc oxide is, however, ac-
tually reduced by the solid carbon in the retort.
A series of reactions results in an atmosphere
rich in carbon monoxide, which does the actual
reducing. The reactions are reversible, but by
the use of an excess of carbon, they are forced
toward the right. The reactions probably get
started by the oxidation of a small portion of the
coke by the oxygen in the residual air in the re-
tort. The oxygenis quickly used, but the carbon
dioxide formed reacts with the carben to form
carbon monoxide according to the equation:

CO2 + £ = ZCO (102)

The carbon monoxide inturn reacts with zinc ox-
ide to produce zinc and carbon dioxide:

CO + ZnO = Zn + CO, (103)

Carbon monoxide is regenerated by use of equa-
tion 102, and the reduction ot the zinc oxide pro-
ceeds.

About B hours aiter the [irst zinc begins to be
discharged, the heat needed to maintain produc-
tion begins to increase and the amount of zinc
produced begins to decrease. Although zinc can
still be produced, the amount of heat absorbed by
the reduction reaction decreases and the tempera-
ture of the retort and its contents increases. Care
must be taken not to damage the retort or fuse
its charge. Asaresult, a 24-hour cycle has been
found to be an economical operation. The zinc
values stillin the spent charge are recovered by
recycling with the fresh charges. A single-pass
recovery yields 65 ta 70 percent of the zinc
charged, but, byrecycling, an overall recovery
of 95 percent may be obtained,
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Figure 202. Diagram showing one bank of a Belgian retert furnace.

The Air Pollution Problem

The air contaminants emitted vary in composi-
tion and concentration during the operating cycle
of Belgian retorts. During charging operation
very low concentrations are emitted. The feed
is moist and, therefore, not dusty. As the re-
torts are heaterd, steam is emitted. Affter zinc
begins to form, both carbon monoxide and zinc
vapors are discharged. These emissions burn
to form gaseous carbon dioxide and solid zinc
oxide. During the heating cycle, =zinc is poured
from the condensers about three times at 6- to
7-hour intervals. The amount of zinc vapors dis-
charged increases during the tapping operation.
Before the spent charge is removed [from the re-
torts, the temperature of the retorts is lowered,
but zinc fumes and dust from the spent charge
are discharged to the atmosphere.

Hooding and Ventilation Requirements

Air contaminants are discharged from each re-
tort, In one installation, 2 furnace has 240 re-

torts arranged in five horizontal rows with 48 re-
torts per row, The lace of the furnace measures
70feetlong by 8 feet high; therefore, the air con-
taminants are discharged from 240 separate open-
ings and over anarea of 560 square feet, A hood
2feetwideby 70 feet long positioned immediate-
lyabove the front of the furnace is used to collect

the air contaminants, The hood indraft is 175
fpm,

DISTILLATION RETORT FURNACES

The distillation retort furnace (Figure 203) con-
sists of a pear-shaped, graphite retort, which
may be 5 feet long by 2 feet in diameter at the
closed end by 1-1/2 feet in diameter at the open
end and 3 feet in diameter at its widest cross-
section. WNormally, the retort is encased in a
brick furnace with only the open end protruding
and it is heated externally with gas~ or oil-fired
burners, » The retorts are charged with molten,
impure zirc throughthe openend, and a condens-
eris attached to the opening to receive and con-
dense the zinc vapors. Alter the distillation is
completed, the condenser is moved away, the
residue is removed from the retort, and a new
hatch is started.

The vaporized zinc is conducted either to a con-
denser or discharged through an orifice into a
stream of air. Two types of condensers are
used = a brick-lined steel condenser operated at
from 780° to 1,012° F to condense the vapor to
liquid zine, or a larger, unlined steel condenser
that cools the vapor to solid zinc., The latter con-
denser is used to manufacture powered zinc,
The condensers must be operated at a slight pos-
itive pressureto keepair {rom entering them and
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Figure 203. Ovagram of a distillation-type retort furnace.

oxidizing the zinc, Toensurethatthere is a pos-
itive pressure,a small hole, called a '"speiss"
hole, is provided through which a small amount
of zinc vapor is allowed to escape continuously
into the atmosphere. The wvapor burns with a
bright flame, indicating that there is a pressure
inthe condenser. Ifthe flame gets too large, the
pressureistoohigh. Ifit goes out, the pressure
is too low. In either case, the proper adjust-
ments are made to obtain the desired condenser
pressure,

Whenitis desired to make zinc oxide, the vapor
from a retort is discharged through an orifice
into a stream of air where zinc oxide is formed
inside a refractory-lined chamber. The com-
bustion gases and air, which bear the oxide par-
ticles, are then carried to a baghouse collector
where the powdered oxide is collected.

The Air Pollution Problem

During the Z4-hour cycle of the distillation re-
torts, zinc vapors escape from the retort (!l ) when
the residue from the preceding batch is removed
from the retort and a new batch is charged, and
(2) when the second charge is added to the retort.
As the zinc vapors mix with air, they oxidize and

formadense cloud of zinc oxide fumes. Air con-
taminants are discharged for about 1 hour each
time the charging hole is open. When the zinc is
actually being distilled, no fumes escape from
the retort; however, a small amount of zinc oxide
escapes from the speiss hole in the condenser.
Although the emission rate is low, air contami-
nants are discharged for about 20 hours per day.

Hooding and Ventilation Requirements

To capture the emissions from a distillation re-
tort furnace, simple canopy hoods placed close
toanddirectly over the sources of emissions are
sufficient. Inthe onlyinstallation in Los Angeles
County, the charging end of the retort protrudes
a few inches through a 4-foot-wide, flat wall of
the furnace. The hood is 1 foot above the retort,
extends 1-1/4feet out from the furnace wall, and
is 4 feet wide, The ventilation provided is 2, 000
cfm, giving a hood indraft of 400 fpm. Fume
pickup is excellent, The speiss hole is small
and all the fumes discharged are captured by a
l-foot-diameter hood provided with 200 cfm ven-
tilation. The hood indraft is 250 fpm.

The retorts are gas fired and the products of
combustion do not mix with the emissions from
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the retort or the condenser. The exhausted gases
are heated slightly by the combustion of zinc and
from radiation and convection losses from the re-
tort, but the amount of heating is so low that no
cooling is necessary.

MUFFLE FURNACES

Muffle furnaces (Figure 204) are continuously fed
retort furnaces. They generally have a much
greater vaporizing capacity than either Belgian
retorts or bottle retorts do,and they are operated
continuously for several days ata time. Heat for
vaporization is supplied by gas- or oil-fired burn-
ers by conduction and radiation through a silicon
carbide arch that separates the zinc vapors and
the products of combustion. Moelten zinc fram
either a melting pot or sweat [urnace is charged

through a feed well that also acts as an air lock,

The zinc vapors are conducted to a condenser
where purified liquid zine is collected, or the
condenser is bypassed and the vapors are dis-
charged through an orifice into a stream of air
where zinc oxide is formed.

A muffle furnace installation in Los Angeles
County consists of three identical furnaces, each
capable of vaporizing several tons of zinc per
day. These furnaces can produce zinc of 99, 99
percent purity and zinc oxide of 99.95 percent
purity from zinc alloys. Each furnace has three
sections: (1) A vaporizing chamber, (£)a con-
denser, and (2) a sweating chamber. Figure
205 shows the {eed ends of the furnaces, includ-
ing the sweating chambers, and some of the duct-
work and hoods serving the furnaces.

Eachfurnace, including the feed well and sweat-
ing chamber, is heated indirectly witha combina-
tion gas- or opil-fired burner, The cormbustion

STACH

chamber, located directly over the vaporizing
chamber, is heated to about Z,500°F. On leav-
ing the combustion chamber, the products of com-
bustion are conducted over the zinc feed well and
through the sweating chamber to supply the heat
needed for melting the zinc alloys from the scrap
charged and for heating the zinc in the feed well
to about 900°F,

Zinc vapors are conducted from the vaporizing
section into a multiple-chamber condenser. When
zinc oxide is the desired product, the vapors are
allowed to escape through an orifice at the top of
the first chamber of the condenser. Even when
maximum zinc oxide production is desired, some
molten zinc is nevertheless farmed and collects
in the condenser,

When metallic zinc is the desired product, the
size of the orifice is greatly reduced, but not
entirelyclosed, so that most of the vapors enter
the second section of the condenser where they
condense to molten zinc. The molten zinc col-
lected in the condenser is held at about 900°F in
awell, from whichitis periodically tapped. The
well and the tap hole are so arranged that suffi-
cient molten zinc always remains in the well to
maintain an air lock,

The zinc that escapes {irom the orifice while mol-
ten zinc is being made burns to zinc oxide, which
is conducted to the product baghouse.

The Air Pollution Problem

Dustand fumes are created by the sweating oper-
tion. Scrapischargedintothe sweating chamber
through the door shown in Figure 205. After the
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Figure 205. (Left) Zinc-vaporizing muffle furnaces, (right) baghouse for collecting the 2inc oxide manufactured

(Pacific Smelting Co., Torrance, Calif.).

zinc alloys have been melted, the residue is
pushed out of the chamber through a second door
and onto a shaker screen where dross is sepa-
rated from solid metal, Excessive dustand fumes
are thereby created.

The zinc alloys charged into the vaporizing sec-
tion contain copper, aluminum, iron, lead, and
other impurities. As zinc is distilled from the
metals, the concentration of the impurities in-
creases until continued distillation becomes im-
practical. After 10 to 14 days of operation, the
residue, containing 10 to 50 percent zinc must
be removed. When tapped, the temperature of
the residue is about 1, 900°F, hot enough te re-
lease zinc oxide fumes. The molds collecting
the residue metal are so arranged that the metal
overflows from one mold to another; however,
the metal coaols so rapidly that flumes are released
only [rom the pouring spout and the first two or
three molds. The fumes, almost entirely zinc
oxide, are 100 percent opaque from the pouring
spout and the first mold., At the third mold, the
opacity decreases to 10 percent,

Any discharge of zinc vapor from the condenser

forms zinc oxide of product purity; therefore, the

condenser vents into the intake hood of a product-
collecting exhaust system. Since some zinc oxide

is always produced, even when the condenser is

set to produce a maximum of ligquid zinc, the

product-collecting exhaust system is always in

operation to prevent air contaminants from es-

caping from the condenser to the atmosphere,

Hooding and Ventilation Requirements

The dust and fumes created by the charging of
scrap and the sweating of zinc alloys from the
scrap originate inside the sweat chamber., The
thermal drafts cause the emissions to escape
from the upper portion of the sweat chamber
doors, lloods are placed over the doors to col-
lectthe emissions, The charging door hood ex-
tends 10 inches from the furnace wall and covers
a little more than the width of the door (see Fig-
ure 205). With two furnaces in operation at the
same time, each of the charging door hoods is
supplied with 3, 200 cfm ventilation, which pro-
vides an indraft velocity of 700 fpm. All fumes
escaping from the charging doors are collected
by these hoods.

The unmelted scrap and dross are raked from a
sweating chamber ontoa shaker screen. A hood
enclosing the discharge lipand the screen is pro-
vided with 5, 500 e¢fm ventilation. The inlet ve-
locityis 250 fpm, sufficient ta capture all of the
emissions escaping from both the furnace and the
sSCreen.

A hood 3 feet square positioned over the residue
metal -tapping spout and the first mold is pro-
vided with B, 700 cfm ventilation, During the tap-
ping, no metal is charged to either sweating

chamber, and the exhaust system dampers are
arranged so that approximately one-half of the
available volume is used at the tapping spout. The
indraft velocity is in excess of 900 fpm, and all
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fumes released fromthe metalare collected, even
from the second and third molds up to 6 feet away
from the hood.

The ductwork joining the hoods to the control de-
vices is manifolded and dampered so that any or
all hoods can be opened or closed. The exhaust
system provides sufficient ventilation to control
the fumes created by two [urnaces in operation at
the same time. When residue metal is being
tapped froma furnace, no metal is being charged
tothe other furnaces; therefore, all the ventila-
tion, or as much as is needed, can be used at the
tapping hood.

AIR POLLUTION CONTROL EQUIPMENT

For all the furnaces mentioned in this section,
that is reduction retort furnaces, distillation
retort furnaces, and muffle furnaces, air poliu-
tion control is achieved with a baghouse. In the
above-mentioned installation for a muflle furnace,
alow-efficiency cyclone and a baghouse are used
to control the emissions fromthe sweating cham-
bers and residue pouring operations of the three
muffle furnaces. Although the cyclone has a low
collection efficiency, itdoes collect from 5 to 10
percent of the dust load and it is still used. The
cyclone was in existence before the baghouse was
installed.

The baghouse is a six-section, pull-through type
using 5,616 square feet of glass cloth filtering
area, The filtering velocityis 3 fpm and the bags
are cleaned automatically at regular intervals by
shutting off one section, which allows the bags to
collapse, No shaking is required, and the col-
lected material merelydrops into the hopper be-
low the bags.

Another exhaust systern with a cyclone and bag-
house is used to collect the zinc oxide manufac-
tured by the muffle furnaces. The system has
threeinlethoods, one for each furnace, and each
is arrangedtocollect the zinc vapors discharged
fromthe orifice in the condenser. The ductwork
is manifolded into a single duct entering the cy-
clone, and dampers are provided so that any one
or any combination of the hoods can be used at
one time, Since theexhausted gases and zinc ox-
ide are heated by the combustion of zinc and by
the sensible heat in the =zinc, about 350 feet of
additional ductwork is provided to allow the ex-

hausted material to cool down to LBO°F before
entering the baghouse,

The cyclone collects about 20 percent of the solid
materials in the exhaust gases, including all the
heavier particles such as vitrified zinc oxide and
solid zinc. The baghouse collects essentially all
the remaining 80 percent of the solids.

The baghouse collector is actually two standard
nine-section baghouses operating in parallel,In
this unit, orlonbags witha total of 16, 848 square
feet of filtering area are used to [ilter the solids
from the gases. A 50-hp fan provides 30,500
cfm ventilation--15,250 cfm for each furnace.
The filtering velocity is 1.8 Ipm, The bags are
cleaned at regular intervals by shutting off one
section and shaking the bags for a [ew seconds.
A screw conveyor in the bottom of each hopper
conveys Lthe zinc oxide collected to a bagging ma-
chine.

This system provides excellent ventilation for the
installation. None of the zinc oxide discharging
from the condensers escapes collection by the
hoods, and no visible emissions can be seen es-
caping from the baghouse.

Dustcollectors for other zinc-melting and zinc-
vaporizing furnaces are very similar to the ones
already described. Glass bags have been found
adequate when gas temperatures exceed the limits
of cotton or orlon. Filtering velocities of 3 fpm
are generally employed and have been found ade-
gquate.

LEAD REFINING

Control of the air pollution resulting from the
secondary smelting and reclaiming of lead scrap
maybe conveniently considered according to the
type of furnace employed. The reverberatory,
blast, and pot furnaces are the three types most
commonly used, I[n addition to refining lead,
most of the secondary refineries also produce
lead oxide by the Barton process.

Various grades of lead metal along with the oxides
are produced by the lead industry. The grade of
product desired determines the type of equipment
selected for its manufacture. The most common
grades of lead produced are soft, semisoft, and
hard, By starting with one of these grades and
using accepted refining and alloying techniques,
any special grade of lead or lead alloy can be
made.

Soft lead may be designated as corroding, chem-
ical, acid copper, or common desilverized lead,
These four types are high-purity leads. Their

chemical requirements are presented in Table 85.
These leads are the products of the pot furnace after

a considerahle amount of refining has been done.

Semisoft lead is the product of the reverberatory-
type furnace and usually contains from 0.3 to 0.4
percent antimony and up to 0. 05 percent copper.

Hard lead is made in the blast furnace. A typ-
ical composition for hard lead is 5 to 12 percent
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Table 85. CHEMICAL REQUIREMENTS FOR LEAD®
(ASTM Standards, Part 2 1958)

Corroding | Chemical Atz CC?]TII‘I’].D-]'"E
L e - faoF copper |[desilverized
d lead lead

Silver, max % 0, 0015 0,020 0. 002 0. 002
Silver, min. " 0.002
Copper, mazx o 0, 0015 0, 080 0, 0BO 0. 0025
Caopper, min. % 0. 040 1. 040
Silver and copper together,
max % N, 0025 0. 040
Arsenic, antimony, and
tin together, max % 0,002 0,002 0, 002 0. 005
Zinc, max % 0,001 0,001 0,001 0,002
Iron, max % G, 002 0.002 0. 002 0.002
Bismuth, max % 0, 050 0,005 0. 025 0.150
Lead (by difference),
min, % 99. 94 99.90 99.90 99, 85

ACorraoding lead is a designation used in the trade [or many years to
describe lead refined to a high degrec of purity,

Chemical lead is a term used in the trade 1o describe the undesilverized
lead produced from Southeastern Missouri ores.

Acid-copper lead is made by adding copper to {ully refined lead.

Common desilverized lead i5 a designation used to describe fully

refined desilverized lead.

antimony, 0, 2to 0,6 percent arsenic, 0,5 to 1,2
percent tin, 0,05 to 0.15 percent copper, and
0.001 to 0.01 percent nickel.

REVERBERATORY FURNACES

Sweating operations are usually conducted in a
reverberatory-type furnace or tube. This type
of operation is discussed later in this chapter
in a section on '""Metal Separation Processes.'
The reverberatory furnace is also used to re-
claim lead [rom oxides and drosses, Very often
material for both sweating and reducing such as
lead scrap, batteryplates, oxides, drosses, and
lead residues are charged to a reverberatory
furnace. The charges are made up of a mixture
of these materials and put into the furnace in
such a manner as to keep a very small mound
of unmelted material on top of the bath. As the

mound becomes molten, more material is charged.
This type of furnace may be gas fired or oil fired,
or a combination of both. The temperature is main-
tained at approximately 2, 300°F, Only sufficient
draftis pulled to remove the smoke and fumes and

still allow the retention of as much heat as possible

over the hearth. The molten metal is tapped off
at intervals as a semisoft lead as the level of the
metal rises. This operation is continuous, and
recovery is generally about 10to 12 pounds of met-
al per hour per square foot of hearth area.

The Air Pollution Problem

Afairly high percentage of sulfur is usually pres-
ent in various forms in the charge to the rever=-
beratory furnace., The temperature maintained
is sufficiently high to '""kill" the sulfides and re-
sults in the formation of sulfur dioxide and sulfur
trioxide in the exit gases. Also present in the
smoke and fumes produced are oxides, sulfides,
and sulfates of lead, tin, arsenic, copper, and
antimony. Anoverall material balance shows on
the product side approximately 47 percent recaov-
ery of metal, 46 percent recovery of slag some-
times called "litharge," and 7 percent of smoke
and fumes,

The unagglomerated particulate matter emitted
from secondarylead-smelting operations has been
found tohave a particle size range from 0.07 to 0.4
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micron with a mean of about 0.3 micron (Allen

et al,, 1952), Figure 206 shows electron photo-
micrographs of lead fumes, The particles are
nearly spherical and have a distinct tendency to
agglomerate. The concentration of particulate
matter in stack gases ranges from 1.4 to 4.5
grains per cubic foot.

Hooding and Ventilation Requirements

All the smoke and fumes produced by the rever-
beratory furnace must be collected and, since
they are combined with the products of combus-
tion, the entire volume emitted from the furnace
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must pass through the collector., It is not desir-
abletodraw cool air into these furnaces through
the charge doors, inspection ports, or other open-
ingsto keepair contaminants from escaping from
them; therefore, external hoods are used to cap-
ture these emissions. The ventilating air for
thesehoods as well as for the hoods venting slag
stations must alsopass through the collector. In
large furnaces, this represents a considerable
volume of gases at fairly high temperatures.

Air Pollution Control Equipment

The only control systems found to operate satis-
factorily in, Los Angeles County have been those

AT~

Figure 206. Electron photomicrographs of lead fumes (Allen et al., 1952).
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employing a baghouse as afinal collector, These
systems also include auxiliary items such as gas-
cooling devices and settling chambers.

A pull-through type of baghouse with compart-
ments that can be shut off one at a time is very
satisfactory. This allows atmospheric air to
enter one compartmentand relieve any flow, The
bags maythen be cleaned by a standard mechan-
ical shaking mechanism.

Provision should be made to prevent sparks and
burning materials from contacting the [iltercloth,
and temperature must be controlled by preced-
ing the baghouse with radiant cooling ducts, water-
jacketed cooling ducts, or other suitable devices
in order that the type of cloth used will have a
reasonable life. The type of cloth selected de-
pends upon parameters such as the temperature
and corrosivity of the entering gases, and the
permeability and abrasion- or stress-resisting
characteristics of the cloth. Dacron bags are
being successfullyusedin this service. The fil-
tering velocity should not exceed & fpm. Test
results of secondarylead-smelting furnaces vent-
ing to a baghouse control device are shown in
Tahle 86,

The factors to be considered in designing these
control systems are similar to those discussed
previously in the sections on iron casting and
steel manufacturing,

LEAD BLAST FURNACES

The lead blast furnace or cupola is constructed
similarly to those used in the ferrous industry.
The materials forming the usual charge [or the
blast furnace, and a typical percentage composi-
tionare 4, 5 percent rerun slag, 4. 5 percent scrap
castiron, 3 percent limestone, 5.5 percent coke,

and B2, 5 percentdrosses, oxides, and reverbera-
toryslags. The rerunslagis the highly silicated
slag from previous blast furnace runs. The
drosses are miscellaneous drosses consisting
of copper drosses, caustic drosses, and dry
drosses obtained from refining processes in the
pot furnaces, The processes will be described
inmore detail in the following paragraphs. The
cokeis used as a source of heat, and combustion
air is introduced near the bottom of the [urnace
through tuyeres at a gage pressure of about 8 to
12 ounices per square inch. Hard lead is charged
into the cupola at the start of the operation to
provide molten metal to fill the crucible, Normal
charges, as outlined previously, are then added
as the material melts down. The limestone and
iron form the flux that floats on top of the molten
lead and retards its oxidation,

As the level of molten material rises, the slag
istapped atintervals while the molten lead flows

from the furnace at a more or less continuous
rate. Thelead productis "hard' or "antimonial. "
Approximately 70 percent of the molten material
is tapped off as hard lead, and the remaining 30
percent, as slag. About 5 percent of the slag is
retained for rerun later,

The Air Pollution Problem

Combustion air from the tuyeres passing verti-
cally upward through the charge in a blast fur-
nace conveys oxides, smoke, bits of coke fuel,
and other particulates present in the charge. A
typical material balance based upon the charge to
a blast furnace in which battery groups are being
processed is 70 percent recovery of lead, 8 per-
cent slap, 10 percent matte (sulfur compounds
formed with slag), 5 percent water (moisture con-
tained in charge), and 7 percent dust (lead oxide
and other particulates discharged from stack of
furnace with gaseous products of combustion).
Particulate matter loading in blast furnace gases
is exceedingly heavy, up to 4 grains per cubic
foot. The particle size distribution is very simi-
lar to that from gray iron cupolas, as described
previously in the section on '"Iron Casting, "

Blast furnace stack gas temperatures range {rom
1,200° to 1,350°F. In addition to the particu-
late matter, which consists of smoke, o0il vapor,
fume, and dust, the blast furnace stack gases
contain carbon monoxide. Anafterburner is nec-
essary to control the gaseous, liquid, and solid
combustible material in the effluent.

Hooding ond Ventilation Requirements

The only practical way to capture the contami-
nants discharged from a lead blast furnace is to
seal the furnace and vent all the gases to a con-
trol system. Thehooding and ventilation require-
ments are very similar to those for the gray
iron cupola, which are discussed in the section
on "Iron Casting."

Air Pollution Control Equipment

The control system for a lead blast furnace is
similar to that employed for gray iron cupola fur-
naces except thatelectrical precipitators are not
used for economic reasons. Moreover, difficul-
ties are encountered in conditioning the particles
to give them resistivity characteristics in the
range that will allow efficient collection,

The factors to be considered in designing a con-
trol system for a blast furnace, including an af-
terburner and a baghouse, have been discussed
in the section on "Iron Casting.'
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Table 86, DUST AND FUME EMISSIONS FROM A SECONDARY LEAD-SMELTING FURNACE

Test No. 1 2
Furnace data
Type of furnace Reverberatory Blast
Fuel used Natural gas Coke
Material charged Battery groups Battery groups, dross, slag
Process weight, 1b/hr 2,500 2,670
Control equipment data
Type of control egquipment Sectioned tubular baghouse®|Sectioned tubular baghouse®
Filter material Dacron Dacron
Filter area, it 16,000 16,000
Filter velocity, fpm at 327°F 0.98 0.98
Dust and fume data
Gas flow rate, scfm
Furnace outlet 3,060 2,170
Baghouse outlet 10,400 13,000
Gas temperature, °F
Furnace outlet 951 500
Baghouse outlet 327 175
Concentration, gr/scf
Furnace outlet 4, 98 1 Z.3
Baghouse outlet 0.013 0.035
Dust and fume emission, 1b/hr
Furnace outlet 130, 5 229
Baghouse outlet 1.2 3.9
Baghouse efficiency, T 99.1 98.3
Baghouse catch, wt %
Particle size Dta 1p 13,3 13.3
%0 2 45,2 45.2
226 '3 19,1 191
3to 4 14.0 14,0
4 to 16 8.4 B.4
Sulfur compounds as SO;, vol %
0.104 0.03

Baghouse outlet 1

2The saime baghouse alternately serves the reverberatory furnace and the blast furnace.

Dilution air admitted to.cool gas stream,

POT-TYPE FURNACES

Pot-type furnaces are used for remelting, alloy-
ing, and refining processes. Remelting is usually
done in small pot furnaces, and the materials
charged are wusually alloys in the ingot form,
which do not require any further processing ex-
cept to be melted for casting operations,

The pots usetl in the secondary smelters range
fromthe smallest practical size of 1-ton capac-
ity up to 50 tons. Figure 207 is a photograph of
two pot furnaces utilizing a common ventilation
hood. These furnaces are usually gas fired.

Various refining and alloying operations are car-
ried on in these pots. Alloying usually begins
with a metal lower in the percentage of alloy-
ing materials thandesired, The percent desired

is calculated and the amount is then added, An-
timony, tin, arsenic, copper, and nickel are the
most common alloying elements used.

The refining processes most commonly employed
arethose for the removal of copper and antimony
to produce softlead, and those for the removal of
arsenic, copper, andnickelto produce hard lead.
For copper removal, the temperature of the mol-
tenlead is allowed to drop to 620°F and sulfur is
added., The mixture is agitated and copper sulfide
is skimmed off as dross. This is known as ''cop-
perdross'' and is charged into the blast furnace.

When aluminum is added to molten lead, it reacts
preferentially with copper, antimony, and nickel
toform complex compounds that can be skimmed
from the surface of the metal, The antimony con-
tent can also be reduced to about 0, 02 percent by
bubbling air through the maolten lead, It can be
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Figure 207. An installation used to capture emissions from

two fead pot furnaces, Hood serves either furnace aliernately

(Morris P. Kirk & Son, Inc., Los Angeles, Calif.).

further reduced by adding a mixture of sodium
nitrate and sodium hydroxide and skimming the
resulting dross from the surface of the metal.

Another common refining procedure, ''drydross-
ing,' consists of introducing sawdust into the
agitated mass of molten metal, This forms car-
bon, which aids in separating the globules of lead
suspended in the dross, and reduces some of the
lead oxide to elemental lead.

In areas where there is no great concern about
air pollution, a mixture of sal ammoniac and rosin
may be used to clean the metal of impurities,
This method, however, produces copious quanti-
ties of dense, white fumes, and obnoxious odors.
In areas having air pollution laws, this method
is generally no longer used.

The Air Pollution Problem

Although the quantity of air contaminants dis-
charged from potfurnaces as a result of remelt-
ing, alloying, and refining is much less than that
from reverberatory or blast furnaces, the cap-
ture and control of these contaminants is equally
important in order to prevent periodic violations
of air pollution regulations and protect the health
of the employees.

Problems of industrial hygiene are inherent in
this industry. People working with this equip-
ment frequently inhale and ingestlead oxide fumes,

which are cumaulative, systemic poisons. Fre-
quent medical examinations arenecessary for all
employees, and a mandatory dosage of calcium
disodium versenate may be requireddaily in order
to keep the harmiful effects to a minimum,

Hooding ond Ventilotion Requirements

Hood design procedures for pot furnaces are the
same as those outlined for electric-induction fur-
naces mentioned earlier in this chapter.

Air Pollution Control Equipment

The control systems for pot furnaces, as with the
other lead furnaces, require the use of a baghouse
for the final collector. The ternperature of the
gases is, however, generally much lower than
thatfromthe other furnaces; therefore, the gas-
cooling devices, ifneeded, will be much smaller,
Afterburners are generally not required.

BARTON PROCESS

A rather specialized phase of the industry is the

production of lead oxide. Battery lead oxide,

containing about 20 percent finely divided {ree
lead, is usually produced by the Barton process,
Molten lead is run by gravity from a melting pot
into a kettle equipped with paddles. The paddles

are rotated at about 150 rpm, rapidly agitating

the moltenlead, whichis at a temperature of 700°
to 900°F. Air is drawn through the kettles by
fans located on the air outlet sicle of a baghouse,
The .lead oxide thus formed is conveyed pneu-

matically to the baghouse where it is collected

and delivered by screw conveyor to storage.

Other lead oxides requiring additional processing
but commonly made are red lead oxide (minium,
Pb304), used in the paint industry, and yellow
lead oxide (litharage or massicot, PbO), used in
the paint and ink industries.

Since the process requires the use of a baghouse
to collect the product, and no other contaminants
are discharged, no air pollution control system
as such is needed.

METAL SEPARATION PROCESSES

In additionto the metallurgical processes previ-
ously mentioned in this chapter, there are other
processes classified as metal separation that can
be troublesome from an air pollution standpoint.
In these, the metal desired is recovered from
scrap, usually a mixture of several metals,

Probably the most common of these processes,
aluminum sweating, is the recovery of aluminum
fromaluminum drosses and other scrap, Other
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examples of metal separation processes include
the recovery processes for zinc, lead, solder,
tin, and low-melting alloys from a host of scrap
malerials,

ALUMINUM SWEATING

Open-flame, reverberatory-type furnaces are

used by secondary smelters to produce alumi-
num pigs for remelting, These furnacesare con-
structed with the hearths sloping downward toward
the rear of the furnace. All types of scrap alu-
minum are charged into one of these furnaces,
which operates at temperatures of 1,250° to
1,400°F,. Inthis temperature range, the alumi-
num melts, trickles down the hearth, and flows
fromthe furnace into a mold. The higher melt-
ing materials such as iron, brass, and dross
oxidation products formed during melting remain
within the furnace, This residual material is
periodically raked from the furnace hearth.

Some large secondary aluminum smelters sepa-
rate the aluminum suspended in the dross by pro-
cessing the hot dross immediately after its re-
moval from the metal in the refining furnace, The
hot dross is raked into a refractory-lined barrel
towhich a salt-cryolite flux is added. The bar-
rel is placed on a cradle and mechanically rotated
for several minutes. Periodically, the barrel is
stopped and the metal is tapped by removing a
clayplug inthe base of the barrel. This process
continues until essentially all the [free aluminum
has been drained and only dry dross remains,
The dross is then dumped and removed from the
premises. A hot dross-processing station has
been illustrated previously in Figure 200,

The aluminum globules suspended in the dross as
obtained from the hot dross process can also be
separated and reclaimed by a cold, dry, milling
process. In this process the large chunks of

dross are reduced in size by crushing and then
fed continuously to a ball mill where the oxides
and other nonmetallics are ground to a fine pow-
der, which allows separation from the larger

solid particles of aluminum, At the mill dis-
charge, the fine oxides are removed pneumatical -
ly and conveyed to a baghouse for ultimate dis-
posal. The remaining material passes over a
magnetic roll to remove tramp iron and is then
discharged into storage bins to await melting.
This process is used primarilyto process dross-
es having a low aluminum content.

ZINC, LEAD, TIN, SOLDER, AND LOW-MELTING
ALLOY SWEATING

Although recovery of aluminum is the most com-
mon of the metal separation processes, others

that contribute to air pollution deserve mention.

These include zinc, lead, tin, solder, and low-

melting alloy sweating. Separation of these metals
by sweating is made possible by the differences

in their melting point temperatures. Some of

these melting temperatures are:

Tin 450°F
Lead 621°F
Zinc T87°F
Aluminum 1,220°F
Copper 1,981°F
Iron 2, 195K

When the material charged to a sweating furnace
contains a combination of two of these metals, it
can be separated by carefully controlling the fur-
nace temperature so that the metal with the lower
melting point is sweated when the furnace tem-
perature is maintained slightly above its melting
point, After this metal has been melted and re-
moved, the furnace burners are extinguished and
the metal with the higher melting point is raked
from the hearth.

Zinc can be recovered by sweating in a rotary,
reverberatory, or muffle furnace. Zinc-bear-
ing materials fed to a sweating furnace usually
consist of scrap die-cast products such as auto-
mobile grilles, license plate frames, and zinc
skims and drosses,

The sweating of lead from scrap and dross is
widely practiced. Junk automobile storage bat-
teries supply most of the lead. In addition, lead-
sheathed cable and wire, aircraft tooling dies,
type metal drosses, and lead dross and skims
are alsosweated. The rotaryfurnace, or sweat-
ing tube, is usually used when the material pro-
cessed has a low percent of metal to be recovered.
The reverberatory box-type furnace is usually
used whenthe percent of metal recovered is high.

Rotary and reverberatoryfurnaces are also used
to sweat solder and other low-melting alloys from
scrap metal. Automobile radiators and other
soldered articles such as gas meter boxes, radio
chassis, and so forth, make up the bulk of the
process metal, For this recovery, the furnace
is usually maintained between 650°F and 700°F,
Higher temperatures should be avoided in order
to prevent the possible loss of other recoverable
metals. For example, sweating automobile ra-
diators at 900°F causes excessive oxidation of
the copper.
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The Air Pollution Problem

Contaminants from aluminum-separating
processes

Intheory, an aluminum-sweating furnace can be
operated with minor emissions of air contami-
nants if clean, carefully hand-picked metal free
of organic material is processed. In practice,
this selective operation does not occur and ex-
cessive emissions periodically result from un-
controlled furnaces. Stray magnesium pieces
scattered throughout the aluminum scrap are not
readily identified, and charging a small amount
of magnesium into a sweating furnace causes
large quantities of fumes to be emitted. Emis-
sions also result irom the other materials charged,
suchas skims, drosses, scrap aluminum sheet,
pots and pans, aircraft engines, and wrecked air-
planes containing oil, insulated wire, seats, in-
struments, plastic assemblies, magnesium and
zinc components, and so forth.

Smoke is caused by the incomplete combustion of
the organic constituents of rubber, oil and grease,
plastics, paint, cardboard, and paper. TFumes
result from the oxidation of stray magnesium or
zinc assemblies and {rom the volatilization of
fluxes in the dross. The sweating of dross and
skims is responsible for the high rates of emis-
sion of dust and fumes. Residual aluminum chlo-
ride flux in the dross is especially troublesome
because it sublimes at 352°F and is very hygro-
scopic. Inaddition, ithydrolyzes and forms very
corrosive hydrogen chloride. In Table 87, test 1
shows results from an aluminum-sweating fur-
nace,

In the dry milling process, dust is generated at
the crusher, in the mill, at the shaker screens,
and at points of transfer, These locations must
be hooded to prevent the escape of [ine dust to
the atmosphere.

When aluminum is reclaimed by the hot dross
process, some [umes are emitted from the [lux
action; however, the main air pollution problem
is the collection of the mechanically generated
dust created by the rotation of the dross barrel.

Contaminants from low-temperature sweating

Air contaminants released [rom a zinc-sweating
furnace consist mainly of smoke and furmnes. The
smoke is generated by the incomplete combustion
of the grease, rubber, plastics, and so forth
contained in the material. Zinc fumes are neg-
ligible at low furnace temperatures, for they have
a low vapor pressure even at 900°F, With ele-
vated furnace temperatures, however, heavy fum-
ing can result. InTable B7, test 2 shows results
from a zinc die-cast-sweating operation.

The discharge from a lead-sweating furnace may
be heavy with dust, fumes, smoke, sulfur com-

pounds, and fly ash. This is particularly true

when junk batteries are sweated, The battery
groups and plates removed from the cases con-

tain bits of asphaltic case, oil and grease around
the termiinals, sulfuric acid, lead sulfate, lead
oxide, and wooden or glass fiber plate separators,
The organic contaminants burn poorly and the

sulfur compounds release SO and 503. The sul-

fur triowide is particularly troublesome; when
hydrolizedto sulfuric acid, the acid mist is dif-
ficult to collectandis extremely corresive. The
lead oxide tumbles within the rotating furnace

and the {iner material is entrained in the vented
combustion gases.

Unagglornerated lead oxide fume particles vary
indiameter from about 0,07 to 0, 4 micron, with

a mean of about 0.3 micron (Allen et al., 1952).
Uncontrolled rotary lead sweat furnaces emit ex-
cessively high quantities of air contaminants. Al-
thoughthe other types of scrap lead and drosses
sweated in a reverberatory furnace are normally
much less contaminated with organic matter and
acid, high emission rates occur periodically.

The contaminants generated during the sweating
of solder, tin, and other low-melting alloys con-
sist almost entirely of smoke and partially oxi-
dized organic material. The scrapmetal charged
is usually contaminated with paint, oil, grease,
rust, and scale. Automobile radiators frequent-
ly contain residual antifreeze and sealing com-
pounds.

Hooding and Ventilation Requirements

The ventilation and hooding of .;reverberatory fur-
naces and rotary furnaces used for the reclama-
tion processes justmentioned are similar tothose
of furnaces of this type previously discussed in
this chapter. The exhaustsystem must have suf-
ficient capacity to remove the products of com-
bustion at the maximum firing rate and provide
adequate collection of the emissions from any
furnace opening.

In aluminum separation operations, raking the
residual metal and dross from the furnace is a
critical operationfroman air pollution standpeint,
and hoods should be installed to capture emis-
sions at these locations. The required exhaust
volume imay be effectively reduced by providing
a guillotine-type furnace door and opening it only
asneededto accomplish charging and raking. If
the burners are turned off during these opera-
tions, the indraft velocity through the charging
and raking opening is effectively increased and
the emissions from this location are reduced.
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Table 87,

DUST AND FUME EMISSIONS FROM ALUMINUM-

AND ZINC-SWEATING FURNACE CONTROLLED BY BAGHQUSE

Test No. 1 i
Furnace data
Type of furnace Reverberatory Reverberatory
Size of furnace
Width 5 ft 9 in, 5 ft 9 in.
Length 6 ft 4 in, 6 ft 4 in.
Height 4 ft 4 ft
Process weight, lb/hr 760 2,080
Material sweated Aluminum skims Zinc castings
Baghouse data
Type of baghouse Sectioned tubular Sectioned tubular
Filter material Orlon Orlon
Filter area, ft 5,184 5,184
Filter velocity, fpm 1.9 1. 85
Precleaner None None
Dust and fume data
Gas flow rate, scim
Baghouse inlet 8, 620 7,680
Baghouse outletf 9, 580 7,420
Average gas temperature, °F
Baghouse inlet 137 190
Baghouse outlet 104 173
Concentration, gr/scf
Baghouse inlet 0,124 0.205
Baghouse outlet 0.0138 0.0078
Dust and fume emission, 1b/hr
Baghouse inlet 9.186 13.5
Baghouse outlet 1.13% 0.5
Control efficiency, % BEaTS 96,3
Test No., 3
Particle size data Particle |[Cumulative
Aluminum sweating diameter, p|weight, %
furnace 1.79 4.8
2.38 10. 8
3837 24.3
4. 76 37.3
T.10 55.6
B. 90 65,8
10,10 T0. 24
11.90 7b. 4
14,30 82,9
21,40 B3.9
39.30 955
71,40 99.0

®Visible emissions released from the baghouse indicated that a bag had broken

during the latter part of the test.

In low-temperature sweating operations, auxil-
iary hooding is usuallynecessary and varies with
the type of sweating furnace, Forthe convention-
alreverberatory-type furnace, a hood should be
installed above the furnace door so that escaping
fumes can be captured. The emissions occur

234767 @ - T7 - 22

bothduring the normal melting process and dur-
ing the raking of the residual material from the
hearth. Arotarysweating furnace usually needs
only a hood over the high end of the tube. In cases
where the drosses are fine and dusty, however,
a hood is necessary at the discharge end, too.
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If the hoods are well designed and no unusual
crossdrafts are present, an indraft velocity of
100 to 200 fpm is adequate to prevent the escape
of the air contaminants,

Air Pollution Contrel Equipment

Aluminum-separating processes

Although air pollution control equipment is nec-
essaryinaluminum reclamation processes, some
operating procedures reduce the quantity of emis-
sions. Whenever possible the stray magnesium
pieces and combustible material should be re-
moved from the aluminum scrap to be sweated.
The furnace burners should be operated so that
the flame does not impinge on the scrap metal,
particularly if the burners are oil fired,

An afterburner followed by a baghouse is recom-
mended as control equipment for an aluminum-
sweating furnace. Baghouse filtering velocities
should not exceed 3 fpm. The afterburner must
be so designed that the carbonaceous material
is intimately mixed with the exhaust air and held
at a suitable temperature for a sufficient length
of time to ensure complete incineration. For
this service, an afterburner temperature of
1,200° to 1,400°F is recommended with a re-
tention time of the gases in this hot zone of about
0.3 second. A luminous-flame afterburner is
generally the most desirable because of the great-
er{lame area. Secondaryairmay have to be ad-
mitted to the afterburner to ensure complete com-
bustion, Theafterburner may be constructed as
a separate unit from the furnace or may be con-
structed as an integral part of the furnace some-
what similar to a multiple-chamber incinerator.
General design features of afterburners have been
discussed in Chapter 5.

The hot gases must be cooled before entering a
baghouse, and radiant cooling or dilution with
cold air is recommended in preference to evapo-
rative cooling with water. The sweating of alu-
minum drosses may result in severe corrosion
problems owing to the aluminum chloride flux
contained in the dross. If the hot furnace gases
are cooled with water before entering the bag-
house, the aluminum chloride hydrolyzes, pro-
ducing hydrochloric acid. The ductworkand bags
are attacked, rapidly impairing the collection el-
ficiency of the filter, Eventhe condensation from
night air during shutdowns provides sufficient
moisture to corrode the equipment in the pres-
ence of these chemicals.

Figure 208 shows an aluminum sweating furnace
with integral afterburner venting through hori-
zontally positioned radiation-convection cooling
columns toa settling chamber and baghouse. The

furnace charging door hood is vented direcily to
the baghouse, Table 88 shows test data acquired
while aluminum scrap heavily contaminated with
combustible material was being sweated in the
furnace, Combustible carbon was present in the
particulate discharge and was coexistent in the
vent stream with excess oxygen as shown by the
Orsat analysis, This indicates that the rate of
combustible discharge from the serap aluminum
was in excess of the incinerating capacity of the
afterburner.

Inthehot-dross process, the rotating barrel need
onlybe properly hooded and ducted to a baghouse.
No afterburning is required, and because of the
relatively largeindraftair volume, no gas-cool-
ing facilities are required in the exhaust system,

Inthe dry milling process, the ball mill, crusher,
and all transfer points must be hooded and vented
to a baghouse in order to prevent the escape of
the dust created. The required hood indraft ve-
locities vary from 150 to 500 fpm, depending up-
on crossdrafts and the force with which the dust
is generated. Abaghouse filter velocity of 3 fpm
orless is recommended, Noafterburning or gas-
cooling facilities are required ina dry-dross con-
trol system.

Low-temperature sweating

An afterburner should be provided to incinerate
the combustible matter discharged from a low-
temperature sweating furnace.

Since an afterburner cannot remove the noncom-
bustible portion of the effluent, a baghouse should
be used with the afterburner to capture the dust
and fumes. The maximum recommended bag-
house filter velocityis 3 fpm. In certain special
applications where the only emissions are oils
or other combustible material, an afterburner
canbe used to incinerate the contaminant, and a
baghouse maynotbe required. Conversely, only
a baghouse is required when the process scrap
is always free of oils or other combustible waste.
Water scrubbers have not proved satisfactory in
the collection of metallic fumes of this type.

CORE OVENS

In foundries, core ovens are used to bake the
cores used in sand molds, Most cores contain
binders that require baking to develop the strength
needed to resist erosion and deformation by metal
during the filling of the mold. Core ovens supply
the heat and, where necessary, the oxygen nec-
essary for the baking, Coresaremade in a large
variety of sizes and shapes and with a variety of
binders; therefore, a variety of types of core
ovens are needed to provide the space and heat
requirements for baking the cores.
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Figure 208. Aluminum-sweating furnace vented to an afterhurner and baghouse
(Du-Pol Enterprises, Los Angeles, Calif.).

Generally, emissions from core ovens are a mi-
nor source of air pollution when compared with
other metallurgical processes. If the ovens are
operated below 400°F and are fired with natural
gas, emissions are usuallytolerable, Neverthe-
less, there are instances, for example, when
special core formulations are used, when emis-
sions can have opacities exceeding legal limits
permitted in Los Angeles County, and when emis-
sions can be extremely irritating to the eye be-
cause of aldehydes and other oxidation products,
In these cases, a control device is necessary,
normally an afterburner.

TYPES OF OVENS

Thevarious .ypes of core ovens fall into the fol-
lowing five classes: Shelf ovens, drawer ovens,
portable-rack ovens, car ovens, Conveyor ovens.

Shelf ovens are probably the simplest form of
core ovens. They are merely insulated steel
boxes, divided into sections by shelves. Core
plates carrying cores are placed directly on the
shelves. When a door is opened, all or at least
several shelves are exposed and a large amount
ofheat escapes {rom the oven chamber, Figure
209 shows a gas-fired shelf oven, The hot gas-
es escaping during loading and unloading of the
shelves not only waste heat but also create unde-
sirable working conditions. Because of these un-
desirable characteristics, these ovens are gen-
erally limited tobaking small cores, particular-
lyin a small-core department where the invest-
ment in oven equipment must be kept at a mini-
mum.

Shelf ovens have been replaced largely by the
moreefficient drawer oven. One type of drawer
oven is shown in Figure 210. With these ovens,
one or more drawers can be withdrawn for load-
ing or unloading and, since the drawers are
equipped with rear-closing platei, hot gases do
not escape. Within the oven, the drawers are
supported on rollers and, when withdrawn, the
front end is supported by an overhead drawer-
selector with an operating arrangement to per-
mit engagement of any one or any combination of
drawers.

These ovens are suitable for baking small- and
medium-sized cores, but they are limited in the
volume of cores that can be baked because of labor
involved in transporting the cores from the core
maker to the oven, placing them in the drawers,
removing them from the drawers, and taking
them to storage.

Toovercome some of the handling of cores, por-
table rack ovens were developed. The core maker
places his cores directly onto a rack, which,
when filled, is put into the oven. After the bak-
ing, the rack is removed and taken to storage,
Adifferent, loaded rack can then be placed in the
oven, Figure 211 shows an empty rack oven.
Racks are designed not only to fit the oven but
alsotoaccommodate large or small cores, They
can be transported by an overhead monorail or
lift trucks, either manually or power operated,

For large cores, car ovens are generally used.
These ovens are similar to rack ovens but larger



310 METALLURGICAL EQUIPMENT

Table 88, DUST AND FUME EMISSIONS FROM
AN ALUMINUM-SWEATING FURNACE CONTROLLED BY
AN AFTERBURNER AND BAGHOUSE

Furnace data

Type of furnace Reverberatory with integral afterburner
Furnace hearth area 41t 7Tin, Wx8 1t 10in. L
Process weight, 1b/hr 2,870

Material sweated Scrap aluminum

Baghouse data

Type of bags Tubular

Filter material Dacron

Filter area, f12 4,800

Filter velocity, fpm 2.16

Precleaner Settling chamber

Dust and fume data Settling Furnace charge| Baghouse

chamber inlet door hood outlet

Gas flow rate, scfm 1,360 5,580 8, 8502

Average gas temperature, °F 350 204 150

Concentration, gr/scf 0. 505 0.081 0.0077

Dust and fume emission, 1b/hr 5.89 3.88 0.58

Particulate control efficiency, % 94, 1

Orsat analysis at settling
chamber inlet, volume %

cO, 6.8
0z 8.6

co 0.02
NZ 1,53
HZO Tu&ha

Particle size analysis at bag-
house outlet, wt %
+60 mesh 85.9
-60 mesh 14.1

Particle size analysis of -60
mesh portion, wt %

0to 2pn 6.9
2to 5 32.4
5to 10 p 30,9
10 to 20 p I17. ¥
20 to 40 n R
<40 p 4.4

Combustible carbon in particu-
late discharge, dry wt %
Setlling chamber

inlet 83.7
Furnace chamber
door hood exit 67.3

aVolume is greater at the baghouse exit than at the inlet because of leakage.

and, instead of portable racks, cars riding on sizeare baked, Ofcourse, larger cores can also
rails areused, Thecores, beinglarge and heavy, be baked by allowing them to make two or more
are generallyloaded on the cars by crane, Tiered passes through the oven,

pallets are frequentlyused to facilitate car load-
ing, Because of the size of the cores, most of a
day is unsually needed to load a car; therefore,

baking is usually done overnight. Conveyor ovens have loading and unloading sta-
tions, a heated section, and a cooling section.
Conveyor ovens are used in foundries where a A horizontal-conveyor oven is shown in Figure

large volume of cores of approximately the same 212, These ovens arec generally located above
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the floor level, in roof trusses, or above area-

ways between buildings., They have inclined en-
trances and exits to allow loading at the [loor level
and, probablymore important, to provide natural-
draft heat seals, The vertical-conveyor oven

shown in Figure 213 requires little [loor space
for alarge volume of baking. It is heated on the
side wherethe cores enter the oven and through-

out the top of the oven. With the use of baffles

and a blower, the lower portion of the unloading

side of the oven cools the baked cores, Core

makers can be grouped around the loading side

of the oven to minimize the handling of cores,
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HEATING CORE OVENS

Probably the simplest and crudest method of heat-
ing core ovens is to use burners along the floor
extending the entire length of the oven. These
burners cannot be regulated automatically and
they do not provide uniform heat throughout the
oven. Theycanbedangerous, because of damping
out of the flame at the back of an oven, which al-
lows raw gas to accumulate resulting in explo-
sions, Although a few ovens are still heated in
this manner, most ovens use recirculating heater
units,

With recirculating heaters, a portion of the oven
gases is returned to the heater, and the rest is

Figure 209. Shelf oven (The Foundry Equipment Co., vented through a dampered stack to the atmo-
Cleveland, Ohin). sphere, Freshairis mixed with the recirculated

o

Figure 210. Orawer oven (Despatch Oven Co., Figure 211. Rack oven (Despatch Oven Co.,
Winneapolis, Minn.). Minneapolis, Minn.).



3%a METALLURGICAL EQUIPMENT

Figure 212. Horizontal, continuous oven (The Foundry Equipment Co., Cleveland, Ohio).

gases, andthe mixture is heated. The hot gases
and the products of combustion are blown into the
oven, The amount of fresh air admitted is con-
trolled by the amount of gases vented from the
oven and only enough is admitted to supply the
oxygen needed for the baking process,

CORE BINDERS

The primary reason for baking cores is to make
them strong enough so that they can be handled
while the mold is being made and so that they re-
sist erosion and deformation by metal when the
moldis being filled. The baking process drives
off water and other volatiles, which reduces the
total gas-forming material in the mold. Most of
the ""volatiles' discharged can be considered air
contaminants. Their composition depends upon
the type of binder used in the core.

Numerous binders require baking, but they do
not all harden by the same chemical and physical
processes. Based on their method of hardening,
the binders ¢an be subdivided into three types:
(1) Those thatharden upon heating, (2) those that

harden upon cooling after being heated, and (3)
those that adhere upon heating. The binders of
the first type develop their strength by chemical
reaction, while those of the second and thirdtypes
function through physical phenomena,

Pitch, rosin, and similar materials of type 2 are
solids at room temperature, but upon heating,
they melt and flow around the sand grains, When
the mixture of sand and binder cools, the binder
solidifies and holds the grains logether. Those
binders are frequently dissclved or dispersed in
solvent and, when baked, the solvent is driven
off, becoming an air contaminant.

The binders of type 3 are mixed with sand in the
dry state. Water is then added and the binder
becomes gelatinous, which imparts green strength
to the mixture, Upon baking, these binders dehy-
drate, harden, and adhereto the sand grains hold-
ing them together. Since baking only drives water
from the mixture, noair contaminants are created.

Type-1binders harden by chemical action, par-
tial oxidation, and polymerization, Drying oils,
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Figure 213. Vertical, continuous oven (The Foundry
Equipment Co., Cleveland, Ohio).

of which linseed o0il is typical, are made up of
unsaturated hydrocarbons that are liquid at room
temperature. Becausetheyare unsaturated, the
molecules can react with other molecules or ele-
ments without producing side products, These
oils react with oxygen very slowly at room tem-
perature and faster at elevated temperatures, to
the extent that their unsaturation is partially sat-
isfied, and then they polymerize to form a solid
film thatholds the sand grains together, If, how-
ever, toomuchheat is applied, the oxidation pro-
cess goes too far and some molecules break up
into lower molecular weight products instead of
polymerizing, The result is a weaker [ilm, and
smoke, vapors, and gases are discharged.

The resin-type binders, suchas phenol-formalde-
hyde, are intermediate, ecasily polymerized prod-
ucts of a phenol and formaldehyde condensation
reaction, When heated, these compounds poly-
merize rapidly into a hard film. Ne side reac-
tions should, however, occur; these substances,
too, are organic and subject to burning if heated
excessively,

Inactual practice, cores seldom contain only one
type of binder. A typical core mixture contains
930 pounds of sand, 7~1/2 pounds of core oil, 9
pounds of cereal binder, 3 pounds of kerosene,
and 38 pounds of water. The core nil contains
45 percent linseed oil, 28 percent gum raosin,
and 27 percent kerosene,
binder are present. The linseed oil in the core
oil is a type-1 binder and hardens by an oxida-

All three types of

tion-polymerization process. The gum rosin of
the core oilis a type-2 binder and, alter its sol-
vents are driven off, it melts and then hardens
whenthe cores are cooled, The cerezal binder is
corn flour, a type-3binder, which is used to im-~
part green strength to the core by its gelatinous
reaction with water before the core is baked.

During the baking of these cores, a series of
physical and chemical reactions occurs., First,
the moisture and light fractions of the oil are dis-
tilled off, Asthetemperature rises, the heavier
[ractions of the kerosene are vaporized and the
linseed oil begins to react with oxygen and to poly-
merize, Atabout 300°F, the rosin melts, coat-
ing the grains with a thin film of rosin.

The polymerization of the linseed oil requires
more time than the physical changes that take
place do, and so the core is held at a tempera-
ture of 375°F for 1-1/2 to 3-1/2 hours to develop
maximum strength, Ahigher temperature accel-
erates the polymerization, but the danger of over-
baking is alsomuch greater, For instance, when
linseed oil is baked at 375°F, its maximum
strength is achieved in 1-1/2 hours, and its
strengthdoes notdeteriorate if it is baked for 3-
1/2hours, At400°F, a maximum strength, less
than that achieved at 375°F, is reached in 3/4
hour, but the strength begins to deteriorate if the
core is baked longer than 1-1/4 hours, And at
450°F, the maximum strength is reached in a
little less than 3/4 hour and immediately begins
todeteriorate if overbaked, Of course, since the
entire body of the core cannat reach the oven tem-
perature at the same time, if high temperatures
are used the surface of the core is overbaked be-
fore the inner portions are completely baked.
Moreover, the high temperatures tend to create
smoke and objectionable gases thatare discharged
from the oven as air contaminants,

The resinous-type binders also have kerosene
and cornflour added, Baking time and tempera -
ture requirements are, however, much less, In
fact, high-frequencydielectric ovens can be used
with the fast-setting synthetic resins. In these
ovens, the electrical field created causes noncon-
ductors within the field to becomne hot. The ovens
generally have a relatively small heating space,
through which a conveyor carries the cores. The
conveyor is one of the electrodes; therefore, only
the cores become heated. Thereareno hot gases
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to contend with, and only the small amount of
volatile materials in the cores are discharged,
Baking time generally runs 2-1/2 minutes.

The Air Pollution Problem

The air contaminants discharged from core ovens
consist of organic acids, aldehydes, hydrocarbon
vapors, and smoke, The vapors are the result
ofthe evaporation of hydrocarbon solvents, usu-
ally kerosene, and the light ends usually present
incore oils, The organic acids, aldehydes, and
smoke are the result of partial oxidation of the
various organic materials in the cores. These
substances have obnoxious odors and are very
irritating to the eyes, The quantity and irritating
gquality of the oxidation products generally in-
crease with an increase in baking temperature.

Emission rates, in general, are low, especially
from small- and medium-sized ovens operating
at400°F orless. With some core binders, how-
ever, the emissions from small ovens operating
atlow temperatures can be of sufficient quantity
tocreate a public nuisance, The emissions from
larger ovens are generally greater and are more
apttocreate nuisances or be in excess of opacity
regulations, Table 89 shows the amounts of var-
ious contaminants discharged from three core

ovens. Test | shows the emissions from an un-
controlled oven, and tests 2 and 3 show the emis-
sions fromtwoovens as well as the afterburners
that control the emissions from them.

Excessive amounts of emissions can generally

be expected from ovens operated at 500°F or

higher, and from ovens in which the cores baked

contain larger than normal amounts of kerosene,
fuel oil, or core oils, Visible emissions are

usually discharged fromlarge conveyorized ovens.
In many cases the opacity of these plumes has

been in excess of Los Angeles County's opacity

regulations.

Hooding and Ventilation Requirements

Most core ovens are vented directly to the atmo-
sphere through a stack, The ovens require suf-
ficient fresh air to be mixed with recirculated
gases and with the products of combustion from
the heater to keep the moisture content low and
ta supply the oxygen necessary for proper bak-
ing of the drying oil-type core binders,

Generally, the excess gases and any contaminants
createdaredischarged from the oven through one
vent stack. Occasionally more than one vent is
used, but if the emissions are such that air pol-
lution controls are needed, then ducting the vents
toa control device is all that is necessary, The

Table 89, AIR CONTAMINANT EMISSIONS FROM CORE OVENS

Test No, 2 3

Oven data
Size 6ft2in,. Wx 7ftllin |30t 10in, Wx5B5 3 |4t 2in. Wxb61it 5

Hx 19T in Hx 18 ft I, in,. Hx 5 ft 9 in. L

Type Direct gas-fired Direct gas-fired Indirect electric
Operating temp, °F 380 400 400
Core binders 1 to 1/2% phenolic resin| 3% linseed oil 1% linseed oil
Weight of cores baked, 1b 700 1,600 600
Baking time, hr 11 2-1/2 to 3 6

Afterburner data
Size 10 in. dia x 7 ft 6 3ftdiax 4 ftH

in, H

Type None Direct flame Direct flame
Burner capacity, Btu/hr 200, 000 600, 000

Air contaminants from: Oven Oven |Afterburner| Oven |Afterburner
Effluent gas volume, scfm 100 140 260 250 440
Effluent gas temperature, °F . 380 400 1,400 400 1,780
Particulate matter, lb/hr 8. 13 0.2 0.013 0.27 0.02
Organic acids, lb/hr 0. 068 0.008 0. 000 0, 44 0,087
Aldehydes, ppm 52 10 10 377 4
Hydrocarbons, ppm 124 B < 10 158 < 19
Opacity, % 0 - 0 = ]
Odor Slight - Slight - None
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use of hoods or of excess air is not necessary
to capture the emissions,

Air Pollution Control Equipment

As emphasized previously, when operated below
400°F and when fired withnatural gas, most core
ovens do not require air pollution control equip-
ment, Therehave been, however, several cases
where excessive emissions have been discharged
and control equipment has been necessary.

Excessive emissions from core ovens have been
reduced to tolerable amounts by modifying the
composition of the core binders and lowering the
baking temperatures. For instance, smoke of
excessive opacity was discharging from an oven
baking cores containing 3 percent fuel oil and 1,5
percentcore oil at 500°F, The core binder was
modified so that the cores contained 1.5 percent
kerosene and 1,5 percent core oil, and the bak=-
ing temperature was reduced to 400°F, After
these modifications, no visible emissions were
discharged from the oven.

When it is not feasible or possible to reduce ex-
cessive emissions froman oven by modifying the
core mix or the baking temperature, afterburners
arethe only control devices that have proved ef-
fective. Since the guantity and concentration of
the contaminants in the oven effluent are small,
no precleaners or flashback devices are needed,

Afterburners that have been used for controlling
the emissions from core ovens are predominantly
of the direct-flame type. The burners are nor-
mally designed to be capable of reaching a tem-
perature of at least 1, 200°F under maximum load
conditions., Formostoperations, 1,200°F com-
pletely controls all visible emissions and prac-
tically all odors.

The afterburner should be designed tohave amax-
imum possible flame contact with the gases to be
controlled and it should be of sufficient size to
have a gas retention time of at least 0.3 second.
Most authorities agree that the length-to-diameter
ratio should be in the range of 1-1/2 to 4

In some instances, particularly on larger core
ovens, catalytic afterburners have been used to
control the emissions. With inlet temperatures
of from 600°to 650°F all visible emissions and
most of the odors were controlled. When cata-
lytic afterburners are used, however, care must
be taken to keep the catalyst in good condition;
otherwise, partial oxidation can resultin the dis-
charge of combustion contaminants more objec~
tionable than the oven effluent,

FOUNDRY SAND-HANDLING EQUIPMENT

A foundry sand-handling system consists of a de-
vice for separating the casting from the mold,
and equipment for reconditioning the sand, The
separating device is usually a mechanically vi-
brated grate called a shakeout. For small cast-
ings a manual shakeout may be used.

TYPES OF EQUIPMENT

The minimum equipment required for recondi-
tioning the sand is a screen for removing over-
size particles, and a mixer-muller where clay
and water are combined with the sand to rendexr
it ready for remolding. In addition, equipment
may be used to perform the following functions:
Sand cooling, oversize crushing, fines removal,
adherent coating removal, and conveying, A
typical sand-handling system is shown in Figure
214,

Both{lat-deck screens and revolving, cylindrical
screens are used for coarse-particle removal,
Revolving screens can be ventilated at such a
rate as to remove excess {fines,

Sand cooling can be accomplished in a number of
ways, depending upon the cooling requirements,
The amount of cooling required depends mainly
upon the ratio of metal to sand in the molds and
onthe rate of re-use of the sand, With low metal-
to-sand and re-use ratios, no specific sand-cool-
ing equipment is required, When considerable
cooling is required, a rotary drum-type cooler
is usually used. A stream of air drawn through
the cascading sand both cools and removes fines,

Oversize particles are hard agglomerates not
broken up by the handling operations from the
shakeout grateto the screen., Most of these are
portions of baked cores. Many foundries discard
the oversize particles, while others crush the
agglomerates to recover the sand. A hammer-
or screen-type mill is usually used for crushing.

Since molding sand is continuously reused, the
grains become coated with a hard, adherent layer
of clay and carbonaceous matter from the bonding
materialsused, Intime the sand becomes unus-

able unless the coating is removed or a certain
percentage of new sand is continuously added.
Pneumatic reclamation is the method most widely
usedfor coating removal, The sand is conveyed
in a high-velocity airstream from a turbine-type
blower and impinged on the inner surface of a

conical target. Abrasion removes a portion of
the coatingmaterial in each pass. The fines thus
createdare carried away in the airstream while
the sand grains settle in an expansion chamber,
as shown in Figure 215,
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Figure 214.

Foundry sand is usually conveyed by belt convey-
ors and bucket elevators, though pneumatic con-
veyors are used to some extent, Pneumatic con-
veying aids in cooling and fines removal.

The Air Pollution Problem

The air contaminants that may be emitted are
dust from sand breakdown, and smoke and organ-
ic vapors from the decomposition of the core
binders by the hot metal.

Among the factors that influence emission rates
are size of casting, ratio of metal to sand, met-
al-pouring temperature, temperature of cast-
ing and sand at the shakeout, and handling meth-
ods. These factors have a great influence on the

D

Typical foundry sand-handling system.

magnitude of the air pollution problem. For in-
stance, a steel foundry making large castings,
with a high metal-to-sand ratio requires a very
efficient control system to prevent excessive
emissions. A nonferrous foundry making small
castings with a low metal-to-sand ratio, on the
other hand, may not require any controls, since
the bulk of the sand remains damp and emissions
are negligible,

Hooding and Ventilation Requiremants

The need for ventilation is determined by the
same factors thatinfluence emission rates, Min-
imurn volumes of ventilation air required to en-
sure the adequate collection of the air contami-
nants are indicated in the discussion that follows
on the various emission sources,
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Figure 215. Pneumatic sand scrubber

Shakeout grates

The amount of ventilation air required for a

shakeout grate is determined largely by the type
of hood or enclosure. The more nearly complete
the enclosure, the less the required volume.

When large flasks are handled by an overhead
crane, an enclosing hood cannot be used, and a
side or lateral hood is used instead. Recom-
mended types of hood are shown in Figure 216
and Figure 217 (upper). Downdraft hoods are not
recommended except for floor-dump type of oper-
ations where sand and castings are dropped from
a roller conveyor to a gathering conveyor below
the floor level (Manual of Exhaust Hood Designs,
1950). Anexcessive exhaust volume is required
to achieve adequate control in a downdraft hood
because the indraft velocity is working against
the thermal bouyancy caused by the hot sand and
casting. The indraft velocity is lowest where it
isneeded most--at the center of the grate. The
exhaust volume requirements for the different
types of hood are shown in Table 90. Shakeout
hoppers should be exhausted with quantities of

(National Engineering Co., Chicago, I11.),

about 10 percent of the total exhaust volume listed
in this table.

Other sand-handling equipment

Recommended ventilation volumes and hooding
procedure for bucket elevators and belt convey-
orsaregivenin Figure 218; for sand screens, in
Figure 219; and for mixer-mullers, in Figure
220. The ventilation requirement for rotary

coolersis 400 ¢fm per square foot of open area,
For crushers the requirement varies from 500 to
1,000 cim per square foot of enclosure opening,

Air Pollution Control Equipment

The most important contaminant to be collected
is dust, though smoke is sometimes intense enough
to constitute a problem. Organicvaporsand gas-
esare usuallynot emitted in sufficient quantities
to be bothersome. The collectors usually used
are baghouses and scrubbers,
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Table 90.

EXHAUST VOLUME REQUIREMENTS FOR

DIFFERENT TYPES OF HOOD
VENTILATING SHAKEQUT GRATES

Exhaust require ment"

T
e Hot castings

Cool castings

200 t:fm;’l”tZ of open-
ing. At least 200
cfm/ft% of grate area

300 cfm/ft? of grate
area

400 to 500 cfm/ft? of
grate area

400 cfm/{t? of grate
area

Enclosing

Enclosed two sides and
1/3 of top area

Side hood (as shown or
equivalent)

Double side hood

600 cfm/it® of grate
area
Not recommended

Downdraft

200 cfm/ft® of open-
ing. At least 150
cefm/fté of grate area

275 cfm/ftZ of grate
area

350 to 400 cfm /it of
grate area

300 cfm/ft? of grate
area

200 to 250 cfm/ft? of
grate area

@Choose higher values when (1) castings are very hot, (2) sand-to-

metal ratio is low, (3) crossdrafts are high.
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'| TIGHT TASING

i ADDITIONAL VENT|LATION HERE
45 PER BELT TRANSFER

ROPPER

ADDITIDNAL VENTILATION HERE
70 SUIT OPERATION

FLAT DECK SCREEN

0 - 200 cfn/t1? THRQUGH HOOD DPENINGS. BUT NOT LESS THAN 50 cim 112
SCREEM ARER KD \MCREASE FOR MULTIPLE DECKS

oucT 'l'EI.DI‘.‘Il"I' i snu fpm MINIMUM

ENTRY LOSS - 05 v

ot 457 NN SLOPE
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~~~~~~~~ ,ﬂ €0

FOR I:HISE ONLY
0 - 100 cim/itd CASING CROSS

SECTION
DUCT YELOCITY - 3 500 fpm NiNiMUM
ENTRY LOSS - 1 0 vp OR CALCULATE
FROM |WOI¥IDUAL LDSSES

TAKE-OFF AT TOP FOR KIT WATE

RIALT AT TOF AND BOTTOM |F e Mo
ELEVATOR 1S OVER 30 1t WitH
OTHERWISE OPTIONAL HOFPER
OVERSIZE
I.ESSEHJ si 0T 50 MJ?L#E“ T NiOTH
m
ke l]iﬂ'l f[SS THAN 15|Ii ein/N1 CYLINDRICAL SCREEN
OF OPENING o= 108 :ll"!!’ CIRCULAR CROSS I:TIN 0F
SCREEN, A7 LEAST 400 cfmi 112 OF N
OVER 200 far S0C clm/1t OF BELT ®IDTH CLOSURE W!ll!llg
NOT LESS TwAm 200 ctim/fy DUCT VELOCITY 00 Tom WINIMUM
OF OPENTNG ENTRY LOSS = SEE “FLAT DECK SCREEN"
Figure 218, Bucket elevator ventilation (Com- Figure 219. Screens (Committee on Industrial
mittee on Industrial Ventilation, 1960). Ventilation, 1960).

FTTod

Pt A S ?‘L.E“,ii: P Abaghouse in good condition collects all the dust
FRNIEISATIN 1N OUET "1 3704 {iertnay and most of the smoke. A scrubber of moderate-
LOADING HOPPER | ”‘*-—1'-1:’——__ ly good efficiency collects the bulk of the dust, but
P BAFFLE the veryfine dust and the smoke are not collected

: ’]'(\i P ; and inmany cases leave a distinctly visible plume,

: e \ ,*.‘,' ” sufficient to violate some control regulations, A

-.’ % P ¥ ¢ 'E';’ : baghouse, therefore, is the preferced collector

D Aooo N ! B when the maximum control measures are desired.
i

HULLER b1 MULLER When only the shakeout is vented to a separate

E ; = collector, there maybe sufficient moisture in the

! i § gases in some cases to cause condensation and

OPENING FOR HOIST : 1 .: consequent blinding of the bags in a baghouse.

Lol Ed When, however, all the equipment in a sand-

: i | handling system is served by a single exhaust

0= 19 cla/ted AOUGH ALL OPENINGS NI DIMER THPES OF WIaERs. eNcLose system, ample ambient airisdrawn into the sys-
BUT HOT LESS THAN g Aedali o i tem to preclude any moisture problem in the bag~
NITER DIANETER, ExupLsT. OPENINGS house. The filtering velocity for this type of
$ i service should not exceed 3 fpm. Cotton sateen

3 e clothis adequate for this service. Anoncompart-

d- i j

BUEF VELGEIY ¢ 3. mu A— mente type baghouse is adequate for most job
ENTRY LOSS = 0.25 v shopfoundries, For continuous-production found-
ries, a compartmented baghouse with automatic

Figure 220. Mixer and muller hood (Committee on bag -shaking mechanisms gives the most trouble-

Industrial Ventilation, 1960) free performance.
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HEAT TREATING SYSTEMS

Heat treating involves the carelully controlled
heating and cooling of solid metals and alloys for
effecting certaindesired changes in their physical
properties, At elevated temperatures, various
phase changes such as grain growth, recrystal-
lization, and diffusion or migration of atoms take
place in solid metals and alloys. If sulficient
time is allowed at the elevated temperature, the
process goes on until equilibrium is reached and
some stable form of the metal or alloy is obtained.

1f, however, because of sudden and abrupt cooling,

time is not sufficient to achieve equilibrium at the
elevated temperature, then some intermediate or
metastable form of the metal or alloys is obtained.
The tendency to assurne a stable form is always
presentand metals andalloys in a metastable form
can be made toapproach their stable formas close-
ly as desired simply by reheating, The widely
differing properties that can be imparted to solid
metals and alloys in their stable and metastable
{orms give purpose to the whole process of heat
treating.

Ingeneral, the methods used toheat treat hoth fer-
rous and nonferrous metals are fundamentally sim-

ilar. These methods include hardening, guenching,

annealing, tempering, normalizing ferrous metals,
and refining grain of nonferrous metals. Also in-
cluded in the category of heat treating are the var-
ious methods of case hardening steels by carburiz-
ing, cyaniding, nitriding, flame hardening, induc-
tion hardening, carbonitriding, siliconizing, and
so forth.

HEAT TREATING EQUIPMENT

Furnaces or ovens, atmosphere generators, and
quench tanks or spray tanks are representative
of the equiprment used for heat treating.

Furnaces for heat treating are of all sizes and
shapes depending upon the temperature needed
and upon the dimensions and the number of pieces
tobetreated. Afurnacemaybedesignedto oper-
ate continuously or batchwise. The controls may
be either automatic or manual, These furnaces
are known by descriptive names such as box,
oven, pit, pot, rotary, tunnel, muffle, and others,
Regardless of the name, they all have the follow-
ing [eatures in commeon: A steel outer shell, a
refractory lining, a combustion or heating sys-
tem, and a heavy door (either cast iron or re-
inforced steel with refractory lining) that may be
opened from the top, the front, or from both the
front and the back,

Atmosphere generators are usedto supply a con-
trolled environment inside the heat treating cham-
ber of the furnace, The atmosphere needed may

be either oxidizing, reducing, or neutral depend-
ing upon the particular metal or alloy undergoing
heattreatment and upon the final physical proper-
ties desired inthe metal or alloy after treatment,
An atmosphere can be provided that will protect
the surface of the metal during heat treatment so
that subsequent cleaning and buffing of the part is
minimized, or one can be provided that will cause
the surface of the metal to be alloyed by diffusion
with certain selected elements in order to alter
the physical properties of the metal.

Quenchtanks may be as simple as a tub of water
or as elaborate as a well-engineered vessel
equipped with properly designed means to circu-
late the gquenching fluid and maintain the fluid at
the correct temperature. The parttobe quenched
is either immersed into the fluid ar is subjected
toa spray that is dashed against the part so that
no air or steam bubbles can remain attached to
the hot metal and thereby cause soft spots. The
fluid used for gquenching may be water, oil, mol-
ten salt, liquid air, brine solution, and so [orth.
The purpose of quenching is to retain some meta-
stable form of an alloy (pure metals are not af-
fected by quenching) by rapidly cooling the alloy
to some temperature below the transformation
temperature,

The Air Pollution Prohlem

The heat treating process is currently regarded
as only aminor source of air pollution. Nonethe-
less, air pollutants that may be emitted from
heat treating operations, and their origin, are
as follows:

1. Smoke and products of incomplete combus-
tion arising from the improper operation of
a gas- or oil-fired combustion system;

2. wvapors and fumes emanating from the vola-~
tilization of organic material on the metal
parts being heat treated;

3. oilmists and fumes issuing from oil quench-
ing baths (if water-soluble oils are used, the
fumes will be a combination of steam and oil
mist);

4, saltfumes emitted [rom molten salt pot fur-
naces;

5. pgases, produced by atmosphere generators,
used in the heat treating chamber of muffle
furnaces, (Insignificantamounts occasional-
ly leak out from some furnace openings that
cannot be sealed, but somewhat larger amounts
get into the surrounding air during purging
and also during loading and unloading oper-
ations,)
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Hooding and Ventilation Requiremants 1. Properseclection of furnace burners and fuels
along with observance of correct operating
Hooding and ventilation systems designed for heat procedures will eliminate smoke and prod-
treating processes should be based on the rate ucts of incomplete combustion as a source of
at which the hot, contaminated air is delivered air pollution. (See Chapter 9.)
to the receiving face of the exhaust hood. To
prevent the hot, contaminated air from spilling 2. Removal of organic material adhering to metal
out around the edges of the exhaust hood, the rate parts to be heat treated by either steam clean-
atwhichthe exhaust system draws in air must in ing or solvent degreasing before heat treat-
all cases exceed the rate at which the hot, con- ing will eliminate this source of air pollu-
taminated air is delivered to the exhaust system, tion.

Inthe general case, a canopy hood mounted about . g ’ . ¥
3 or 4 feet above a hot body has an excellent DAaits pnd fumes astiing Iroor o2\ gliepchag

chance of capturing all the hot, contaminated air baths canbe greatly reduced by selecting ap-
rising by convection fromthe hot body. The face propriate oilsand by adequate cooling of the

area of a canopy hood such as this should be ol
slightlylarger than the maximum cross-sectional
area of the hot body, In order to avoid the need 4, Baghouses are a satisfactory method of con-
for excessive exhaust capacity, it is advisable trolling salt fumes from molten salt pots.
not to oversize the canopy hood face area. Particle sizes of fumes are usually between
0.2 and 2 microns but may vary from this
If a canopy hood is mounted too high above the range depending upon local factors such as
hotbody, the column of hot, contaminated air is temperature, humidity, turbulence, and ag-
influenced by turbulence, andthe column becomes glomeration tendencies of the effluent. The
more and more dilute by mixing with the surround- fumes are slightly hygroscopic and corro-
ing air. Consequently the exhaust capacity must sive; therefore, operation of the baghouse
be sufficient to handle this entire volume of diluted, must be continuous to prevent blinding and
contaminated air, This is an inefficient way to deterioration of the bag cloth and corrosion
collect hot, contaminated air, of the metal structure. Acrylic-treated or-
lonis a satisfactory bag cloth because of its
Many variations of canopy hoods are used because chemical and thermal resistanceand its gen-
of the many types of heat treatj_ng furnaces em- eral physical stability. Filtering velocities
ployed, Lateral-type hoodsarealso used, Gen- should not be greater than 3 fpm, With these
eral features of design of hoods for these hot pro- design features, collection efficiencies ex-
cesses are discussed in Chapter 3. ceeding 95 percent are normally achieved,
Air Pollution Control Equipment 5. Flame curtains placed at the cpen ends of
continuous heat treating furnaces are effec-
The following methods effectively prevent and tive in the control of any escaping, combus-
control emissions resulting from heat treating tible gases used for controlling the atmo-

operations, sphere inside the furnace,
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